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Chapter 1 
THEORETICAL BACKGROUND AND SUMMARY 

Chapter 1 
THEORETICAL BACKGROUND AND SUMMARY 
INTRODUCTION 
Humans are in constant interaction with their environment. In order to react quickly and 
adequately to external changes, information has to be processed fast and efficiently. 
Information processing theory (e.g., Sanders, 1990) claims that information has to be 
processed over several computational stages before subjects can react to an environmental 
change or a stimulus. For almost all human actions, planning is an essential step preceding the 
execution of the action. Generally, in order to achieve a particular goal, one has to plan a series 
of actions. Before a movement can be performed, the sequential and spatial aspects of the 
movement have to be planned. External information has to be transformed into a movement 
plan, which often involves the segmentation of the movement in submovements or units, and 
decisions about where to start and end, how to continue and when to monitor or check 
whether the goal has been achieved. This process of movement planning is the central theme 
of the dissertation. 
Aspects often involved in planning, such as segmentation, decision making and 
monitoring, will fìrst be described on the analogy of planning a route. Assume the goal of 
visiting a friend who lives in another part of the city. First, it has to be decided when to go and 
which route to take. The planning of the route might be dependent on the type of 
transportation, the time of the day, familiarity with the neighborhood or city, a possible stop 
for gas, etc. This plan can be very detailed with the entire route extensively described from 
beginning to end; it can also be more abstract, with only global aspects planned, or somewhere 
in between with only parts of the route planned in detail. For an efficient route the sequence in 
which the steps of the plan are carried out can be very essential. In order to execute the plan 
and to check whether it is carried out properly it has to be stored either visually, in terms of a 
spatial map, or verbally in codes like tum right at the traffic light, then tum left etc. The time 
needed to plan the route will be dependent on variables like the length of the route, the details 
planned, how much of the route can or has to be planned in advance, and familiarity with the 
route or neighborhood. In the case a familiar route has to be taken, the plan can be very global 
with only the first direction and tum planned in advance. During driving the first miles the rest 
can be planned. A route that is never taken before might be planned entirely in advance so that 
it can be driven straight through, or it might be planned bit by bit during the trip, thus 
requiring time (by means of a stop or slowing down) when the next part has to be planned. 
Whether an entire route or only part of it will be planned in advance might be dependent on the 
amount of information that can be stored and retrieved. Success in reaching a friend's house 
will be dependent on the planning of the route, on the storage of the route plan and on 
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retrieving the plan. Getting lost can be caused by problems during one or more of these 
processes. Imagine someone who plans the route by drawing a map. Not only errors in 
planning the route (resulting in drawing an inconect route map), but also errors in the storage 
of the route (if we translate this to the example used, it might be compared to drawing the route 
on a piece of paper which is then inadvertently crumpled and made illegible) although the 
correct route was planned, can result in getting lost. But even when the route is planned and 
stored correctly, problems with the retrieval of the route (comparable to losing or forgetting the 
map) can lead to the same result If the plan is correctly assembled, stored and retrieved, the 
actual route taken has to be compared to the plan, by monitoring the outcome. Fewer checks 
and less time will be necessary when the route is very familiar, even having a conversation 
with a passenger, drinking a soda or coffee or listening to the radio will be possible. If on the 
other hand the route was never taken before or is less familiar, regular checks with the plan 
will be necessary. If this check is positive one can proceed the route, if the check is negative 
one has to decide to go back and start again or to change or adjust the plan. Changes or 
adjustments in the plan or part of it can be necessary or recommendable due to circumstances 
during the trip, like road works or a traffic-jam. Even when the route is planned in detail in 
advance, changes and adjustments in the plan are always possible. The route can be planned in 
terms of spatial and sequential aspects, but also more detailed in terms of how to perform the 
route, like getting in the left lane for a left tum, or walking the last part of the route. 
The necessity of making a plan is very obvious in the above example. It is shown that a 
plan can differ in detail and extent and that it can be changed or adjusted before or during 
execution, dependent on the practice of the perfonner and on changes in the environment. But 
not only complex actions as the one described above need to be planned. The planning of a 
more simple movement, like moving a cup of coffee from table to mouth, involves similar 
decisions and processes, although they may be less conscious. Tasks which involve a high 
level of planning are writing and drawing. Because these tasks are commonly used to 
communicate with others, the writing or drawing traces have to be "legible" in order to transfer 
an idea or message. This combined with a relatively fast execution requires the planning of the 
sequential and spatial aspects of the movement On account of these aspects and because 
writing and drawing are natural, daily life tasks and because they are, moreover, often used in 
neuropsychological and developmental testing in order to reveal disorders in processes 
underlying motor performance, they stand out as highly suitable study material. Therefore they 
will be used in this dissertation. The level at which the planning of drawing and writing 
movements occurs, how such a plan changes with practice, and to what extent this process is 
disturbed in subjects with motor disorders are issues addressed in the present dissertation. 
During the last three decades numerous studies in motor control have been directed 
towards the programming of movement sequences in other than graphic tasks. Most of these 
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studies involved healthy, adult subjects. Research on motor programming in special 
populations, however, is scarce. Movement planning in particular, which is seen as the 
process preceding motor programming, is also hardly studied in healthy adults. In this 
dissertation recent motor theories will be applied to the study of motor planning in healthy 
subjects and subjects with motor disorders. Although the information processing approach has 
provided an upswing in motor research and theory over the last 30 years, its ideas are hardly 
applied to clinical problems such as diagnostics and test development (Keele & Hawkins, 
1982; Laszlo & Bairstow, 1985; Wiegersma, 1980). Therefore an attempt is made to improve 
the methodology to measure planning processes, by using tasks in which variables, supposed 
to influence motor planning, are manipulated. The latter is described in chapter two, in which 
movement planning is studied in children with and without motor problems. Although 
numerous studies in motor control addressed the planning of movement sequences, most 
studies used novel or hardly practiced movement sequences. Therefore, differences in the 
planning of overleamed versus novel movement sequences are described in chapter three, in 
which healthy adult subjects had to write letters, draw familiar ñgures as well as unfamiliar 
patterns. In chapter four the same tasks are used in a study with adult patients displaying 
motor slowness. In chapter five, healthy adult subjects were asked to trace an unknown maze 
trajectory with eyes closed. Changes in the development of the motor plan as an effect of 
practice were studied. 
Before an overview of the contents of the chapters of this dissertation is presented, the 
theoretical background of the research will be discussed. Human information processing 
theories and models in general will be elaborated first. Since the effects of practice and 
learning on the planning of drawing and writing movements are also focused upon in this 
dissertation, the role of practice and learning in motor tasks will be considered by discussing 
open-, closed-loop and schema learning theories. Subsequently, the focus will be on models 
concerning drawing and writing behavior since the latter skills are investigated in detail in this 
study. Because the main topic of this dissertation is motor planning, this process will be 
emphasized together with concepts that are related to this process such as 'motor program'. In 
this context, the relationship between views on motor programming and the definition of the 
complexity of graphic movement sequences will be discussed. Then, the possible role of the 
information processing approach in the diagnosis of motor disorders will be discussed because 
one of the aims of this study is also to make a contribution to the development and 
improvement of such diagnostic practices. An overview of presently available and most 
frequently applied motor tests that make use of figure copying tasks will be presented. Finally, 
this chapter will be concluded by presenting a summary of the studies that are reported in this 
dissertation. 
16 Chíipterl 
INFORMATION PROCESSING IN MOTOR CONTROL 
The studying of motor skills started more than a century ago. During the 19th century, the 
studying of skills was mainly introspective and primarily directed to the analysis of mental 
processes. It was not until the beginning of this century that skills themselves became the topic 
of study, with a main interest in the most efficient ways to perform tasks (Schmidt, 1988). 
This task or product oriented approach, with its focus on changes in overt motor behavior, 
was popular till about the 1950s. Effects of practice, knowledge of results, transfer and 
retention on motor behavior were studied in order to find out how a particular goal could be 
achieved most accurately and efficiently. Motor learning was primarily described by means of 
a response chaining model, in which a stimulus was thought to generate a response that in turn 
produced a stimulation to elicit the next response, and so on (see Adams, 1987). 
With the rise of cognitive psychology in the 1960s, this simple associative model which 
assumed a passive subject, was abandoned in favor of an information processing approach in 
which the active mind of a subject was emphasized (Adams, 1987) and in which the human 
was viewed as a processor of information (Pew, 1970). In contrast to the product oriented 
viewpoint, in which the focus is on effects of certain variables like practice, fatigue, and 
knowledge of results, on changes in motor performance, the process oriented approach 
emphasizes mental and motor processes underlying motor behavior. In the latter, the interest is 
in how movements are planned and programmed, what is coded in movement programs 
(Schmidt, 1988) and how information is processed, stored and retrieved (Rosenbaum, 1990). 
The leading thought was that, in order to elicit a response to a given stimulus, information had 
to be processed through various stages. By measuring the amount of time that elapses between 
the perception of the stimulus and the initiation of the response the involvement of information 
processing can be quantified. 
As long ago as 1869, Donders used the latency to respond to a stimulus, to measure "die 
Schnelligkeit psychischer Prozesse", or "the speed of psychological processes". He showed 
that the latency, often referred to as reaction time (RT), changed with varying processing 
demands, indicating the involvement of different processing stages. By developing different 
tasks, each requiring an additional processing stage, Donders thought he was able to measure 
the time needed for a particular process by subtracting the reaction times obtained in the 
different tasks. This way he showed that extra processing time was needed when a stimulus 
had to be recognized or when a response had to be selected, indicating that two psychological 
processes were involved. Although the subtraction method was popular for some decades it 
was discarded at the end of the 19th century because of its limitations: adding and deleting 
stages can not be done by changing tasks; what stages are part of a particular task is unknown 
a priori; adding a stage may influence the nature of other stages; and the nature of stages may 
be different in different tasks (see Kulpe, 1895 and Sternberg, 1969). Furthermore, as is 
mentioned above, in those days, the main focus in motor behavior was on the outcome of the 
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movement, not on the processes leading to the movement. 
It was not until 1960 that interest in the latter recurred when Henry and Rogers presented 
their Memory Drum theory. While Donders had proved the existence of a stimulus 
identification and a response selection stage, Henry and Rogers found evidence for a response 
programming stage. They demonstrated that, even though stimulus and response were known 
by the subjects before the go-signal, the time to initiate a movement was longer when the 
number of movement parts increased. According to them, when the number of movements that 
had to be performed increased, more commands had to be loaded in a buffer by a memory 
drum mechanism, thereby requiring more time for its operations. 
The use of reaction time measurements in order to study stages in information processing 
was revived after Sternberg introduced the additive factor method in 1969. Sternberg showed 
in his publication "The discovery of processing stages: Extensions of Donders' method", that 
the assumption of Donders' subtraction method, that task variables only effected one stage, 
was too simplistic. Instead of studying the duration of processes, Sternberg manipulated 
several experimental variables and studied their effects on reaction time. That way he was able 
to establish if variables influenced one or more stages. Variables with additive effects on 
reaction time were assumed to influence different stages, whereas interactive effects of 
variables were seen as evidence that they at least influenced one common stage. 
INFORMATION PROCESSING STAGES 
As said before, in 1869 Donders proposed two stages, i.e. stimulus identification and 
response selection. In 1960, Henry en Rogers argued for a third stage, movement preparation. 
Sternberg (1969) described a fourth stage, stimulus encoding, preceding the stimulus 
identification stage. Movement preparation was called "translation and response organization" 
by Sternberg. Six years later, in 1975, Theios described five components of response latency, 
i.e., stimulus encoding, stimulus identification, response determination, response program 
selection and response output processing. Sanders (1980) suggested six information 
processes, based on additive effects of choice reaction variables reported in the RT literature 
between 1969 and 1979: preprocessing, feature extraction, identification, response choice, 
response programming, and motor adjustment In the 1980s, the additive factor methodology 
was applied to study effects of variables influencing the later stages in information processing, 
the motoric stages. Van Galen (1980) and Van Galen and Teulings (1983) found evidence for 
three separate motor output processes: motor programming, parametrization and movement 
initiation. 
According to the current information processing models (Sanders, 1990; Spijkers, 1989; 
Van Galen, 1990; 1991; Van Galen, Meulenbroek & Hylkema, 1986), seven information 
processes can be distinguished. Figure 1 presents the different stages and processes, where 
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stage refers to the major division in functional units and process to the specific operations of 
which the stages are composed (Miller, 1988). Although the labels of the processes are 
sometimes different in the above mentioned models, they refer - globally - to the same 
operations. 
PREPROCESSING 
FEATURE EXTRACTION 
IDENTIFICATION 
PERCEPTUAL STAGE 
RESPONSE SELECTION DECISION STAGE 
I ]] 
MOTOR PROGRAMMING 
PARAMETRIZATION 
MOTOR ADJUSTMENT 
PROGRAMMING STAGE 
Figure 1. Information processing stages. 
The first three processes, which are sensory and perceptual in nature, are also called stimulus 
or input related processes. During this perceptual phase, a stimulus has to be perceived and the 
relevant features have to be encoded in order to identify the stimulus. In the next phase a 
decision has to be made which response to selea. This stage is often referred to as a central 
stage. The last three stages are motoric in nature, and they are regarded as response or output 
related. During these stages, the selected response is programmed by retrieving its motor 
program from long term motor memory and loading it in a short term motor buffer. In the next 
stage, the parametrization stage, the appropriate movement parameters, like force, velocity, 
size and duration, are added to the abstract program. In the final stage, the initiation stage, the 
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program is unpacked and translated into muscle commands by selecting the appropriate 
muscles for the initiation of the movement (Van Galen, Meulenbroek & Hylkema, 1986). 
Figure 1 might suggest that information processing occurs in a discrete, serial way: only 
one process is active at the time. Recent evidence, however, suggests that information may 
also be processed in a parallel fashion. McClelland and Rumelhart (1981) and Rumelhart and 
McClelland (1982) even proposed a completely continuous information processing model, 
emphasizing the possibility that information may be partially processed in a particular stage 
and then handed over to the next stage even before the processing at the earlier stage has been 
entirely completed. Miller (1982; 1985; and 1988) discussed the relationship between 
continuous and discrete models extensively. He proposed an asynchronous discrete coding 
model, in which information is considered to exist of several components, each processed 
over different stages, parallel to each other. Only when the processing of a particular 
component at one stage is completed, the results of this process is transmissed to the next 
stage. Processing of components occurs in a strict serial order between stages. Within stages, 
however, processes may occur in a parallel manner only if these processes involve different 
components. However, according to Miller (1990), Sanders (1990), and Van Galen (1990), 
empirical evidence strongly supports the view that information processing OCCUR in a discrete 
fashion. These authors argue that sequential stage models are most successful in explaining the 
large number of experimental results obtained within the human information processing 
approach. However, they also refer to the possibility that information may be processed in a 
parallel fashion. Steyvers (1991) recently presented evidence in favor of Miller's 
asynchronous discrete coding model. He concluded that his findings did "not suggest that 
stages overlap, but rather that complete chains of computational stages may concurrently exist" 
(p. 145). 
MOTOR LEARNING 
Since effects of practice on writing and drawing movements, and the way in which motor 
planning and programming changes during learning are also studied in this dissertation, the 
role of practice and learning in motor behavior will be discussed. 
During the first half of this century, motor learning was mainly described in terms of 
response chaining theories, in which - as we saw above - movement learning was described as 
the enhancement of connections between responses. The sensory feedback from a response 
was supposed to trigger the next response, and so on (Adams, 1968). Response-produced 
feedback played an essential role in these theories. The finding that movements could also be 
performed without the control of feedback resulted in open-loop theories on motor learning. In 
the latter theories it is argued that the execution of a movement sequence is controlled by a 
central motor program, in which all motor commands are prepared before movement onset 
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Lashley was one of the first so-called "centralists" who observed that movements could be 
executed with normal accuracy even when proprioceptive feedback was absent (Lashley, 
1917). This led him to assume that movements are controlled centrally (Lashley, 1951) by 
means of an "engram" (Lashley, 1950). 
The advocates of open-loop theories, emphasizing central motor programs, were not the 
only researchers in motor learning who opposed the response chaining hypothesis. Adams 
(1968; 1971) questioned the automatic, noncognitive nature of motor learning and proposed a 
closed-loop theory. Although Adams emphasized the role of sensory feedback, its function 
was restricted to an error detection mechanism used to correct a movement if necessary. 
According to Adams (1971), who was the advocate of this peripheralistic viewpoint, a 
movement is selected and initiated by a memory trace, developed through previous 
movements. During the movement, sensory feedback from the movement in progress is 
compared with a perceptual trace, which evaluates the correctness of the response generated by 
the memory trace. If any discrepancy is found a correction can be made. During learning, this 
perceptual trace develops as a result of the sensory feedback that is experienced during each 
performance. 
So, while open-loop theory proposes that movement instructions are generated prior to 
movement execution governed by central motor programs, and de-emphasizes the role of 
feedback, in closed-loop theory peripheral feedback is essential to error detection and 
correction while motor programs only play a moderate role. Although Adams' memory trace 
can be seen as a modest motor program, it "only chooses and initiates the response rather than 
controlling a longer sequence" (Adams, 1971, p. 126). It is the perceptual trace that guides 
motor behavior. According to Glencross (1977) and Summers (1981), both feedback and 
motor programs seem to be involved in the control of skilled motor behavior. The issue now is 
not so much if one or the other exists, but when each functions (Schmidt, 1980) and how the 
involvement of each mode changes during motor learning and motor development. Although 
closed-loop theory seems to provide an acceptable model for motor learning, a drawback of 
the theory is that it applies almost only to quite simple movements and that not all the research 
aimed at testing the theory has been supportive (Stelmach, 1982). Furthermore, one of the 
limitations of the closed-loop theory concerns the storage in memory. The theory states that a 
perceptual and memory trace exists for every movement we make. This would mean that 
coundess numbers of traces would be stored in CNS. This limitation applies however also to 
the motor program defined by Keele in 1968, which is ".... viewed as a set of muscle 
commands ...." (p. 387). 
The storage limitations of both theories directed Schmidt to propose a generalized motor 
program which he called a schema ( Schmidt, 1975; 1976). He proposed that a motor schema 
can be seen as a rule that encompasses the underlying movement principle for a class of 
movement responses (Schmidt, 1975). In order to run a generalized motor program it needs to 
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be supplied with additional information, the movement parameters (Schmidt, 1982). In his 
schema theory, Schmidt also incorporated the idea that in motor behavior response-produced 
feedback interacts with motor programs, and he tried to answer the question how one can 
produce novel movements. The theory states that in making a response, four kinds of 
information from the response are stored: movement parameters or response specifications, 
movement outcome, sensory consequences and initial conditions. Given these four sources of 
information, the theory proposes the involvement of a recall and a recognition schema in motor 
learning and performance. While the recall schema is responsible for movement initiation and 
execution, the recognition schema is a mechanism for determining in advance the sensory 
consequences of the movement. When one performs a movement for the first time, a recall 
schema will be selected based on the relationship between outcomes and response 
specifications with similar movements. This relationship is updated with each practice trial. 
The recognition schema stores sensory consequences of past movements along with the actual 
outcomes. Based on the relationship between these sources, the recognition schema generates 
the expected sensory consequences of the correct movement. The correctness of the movement 
is evaluated by the recognition schema, which compares the actual and the expected sensory 
feedback. If a mismatch occurs, an error signal is generated and the recall schema is updated in 
order to produce a more coire« response. The recall schema is responsible for the generation 
of motor commands, the recognition schema for the evaluation of response-produced 
feedback. The strength of both schemata develops with practice and is related to the amount 
and variability of practice. Schema theory has some advantages over open-loop and closed-
loop models. Although not all empirical evidence supports the existence of generalized motor 
programs (Summers, 1981), evidence from research directs to the existence of some kind of 
motor program (Schmidt, 1988; Sheridan, 1984). 
WRITING, DRAWING AND FIGURE COPYING MODELS 
After the description of information processing models and motor learning theories in general 
in the previous paragraphs, in this section the focus will be on models concerning writing, 
drawing and figure copying in particular With respect to the motor tasks which are the subject 
of the present dissertation, i.e. drawing and writing, the only information processing model 
which is based on studies applying the additive factor methodology of Sternberg (1969) to 
choice reaction times is the model of Van Galen et al. (1986). In a recent update of the model, 
Van Galen (1990; 1991) emphasized serial as well as parallel aspects of information 
processing. Handwriting is supposed to entail the processing of three different units: words, 
letters and strokes. It is assumed that these units are processed at six different levels during the 
execution of a handwriting task. Words are processed at a phonological and graphemic level, 
letters at an allographic and motor program level, while strokes are seen as processed at a 
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parameter and muscle level. The order of processing is fixed. The output of each level is 
stored in a temporary memory buffer until it is processed at the next level. The processing of a 
word, its letters, and their strokes occurs in a strictly linear order, but a second word can be 
processed in parallel with the letters of the first word. The motor-preparation stages involve 
motor programming, parametrization, and initiation. In the motor programming stage, an 
abstract motor program is retrieved from long term motor memory (if the movement is 
overleamed) or constructed (if a new movement has to be executed) and loaded in a short term 
motor büßet In the parametrization stage, parameters like velocity, size and time are added to 
the motor program. Then the motor program is unpacked in the initiation stage while the 
appropriate muscles are selected for the execution of the movement 
Another model which is relevant in the context of the tasks studied in this dissertation is 
the neuropsychological model of drawing by Van Sommers (1984; 1989). Van Sommers' 
model is not based on reaction time studies but on a large number of detailed observations. 
Since the research reported in this dissertation is mainly based on reaction time measurements, 
Van Sommers' model is less relevant for our purposes than Van Galen's model. Nevertheless, 
Van Sommers' model will be discussed briefly, since it contains some valuable views on 
movement planning, the main theme of this dissertation. Van Sommers suggests that the 
following processes are involved in drawing: (1) encoding of the stimulus, (2) storage of 
features and global information of the stimulus in a temporary episodic memory, if possible 
backed up by naming, (3) searches in long term visual memory to invoke visual 
representations and in long term verbal memory to invoke names, and (4) the production of the 
drawing. The latter process is divided into five compartments: depiction, production, 
planning, articulation, and execution. Depiction involves decisions concerning the way the 
object(s) will be portrayed (e.g., type of object, orientation, viewpoint, level of detail, type of 
boundary, context, state of the object). When these decisions are made, a visual representation 
is built or retrieved. The processes of this first compartment are of course redundant in 
copying. Production entails strategies to obtain graphic units, segments, or graphic chunks. 
While depiction and production are closely related to perceptual and conceptual analysis, 
planning is, according to Van Sommers, unambiguously an output process and involves the 
order in which the chunks will be executed, either by local geometric problem solving 
(contingent planning) or by logical problem solving (routine planning). Articulation involves 
rules and efficiency principles concerning starting position, stroke direction, rotational 
direction, paper contact, geometric grouping, and anchoring. Motor programming, finally, 
involves the execution of graphic movements. 
Since the tasks used in this dissertation are mainly copying tasks, a model for copying 
simple figures from visually presented stimuli, presented by Laszlo and Bairstow (1985) will 
be described. This model, which is seen in Figure 2, is based on a closed-loop system of 
motor control with an emphasis on kinaesthetic information as well as on a process-oriented 
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approach. The model is used by Laszlo and Bairstow in order to assess and treat disoideis in 
motor behaviot 
1. INPUT 2. CENTRAL PROCESSES 3. OUTPUT 
1(a) Information about 
the environmental 
conditions: 
Shape of the model 
(visual information) 
Paper and pencil shape 
and size (visual and 
tactile Information) 
1(b) Body and limb 
posture 
Sitting posture and arm 
and hand positions 
perceived (kinaesthetic 
Information) 
1(c) Instruction 
1 
Copy the model 
Scoring Information: 
size and shape of 
drawing important 
2(a) Standard 
Memory traces of 
previous drawing 
attempts 
Plan of acton: where 
to start the drawing, 
which direction to 
move in, how far to move 
before direction change 
is to be made, how 
closure is to be achieved 
\ 
2(b) Motor Programming 
Unit 
Motor unit activation 
pattern selected to 
get arms and hands In 
correct position 
(I) For non-preferred hand: 
position of hand and 
force exerted to 
support the paper 
(li) For preferred hand: 
positioning of fingers 
and force to grasp 
pencil; placing hand 
on starting position; 
defining extent and 
direction of drawing 
movement; defining 
movement velocity 
Drawing 
4(a) Corollary discharge loop 
Intention to move 
4(b) Sensory feedback loop 
Kinaesthetic and visual information about: 
the progress of the movement; the size 
and shape of the drawing; closure of figure; 
force applied by the fingers on the pencil 
and paper; movement speed 
4. FEEDBACK LOOPS 
Figure 2. Processes described by Laszlo and Bairstow to be involved in the copying of simple 
figures from visually presented models (from Laszlo and Bairstow, 1985) 
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The connection between output and input is formed by the sensory feedback loop, by which 
error detection and correction is provided. At the input side the environmental conditions, like 
the shape and size of the stimulus, paper, and pencil need to be perceived, as well as body, 
aim, and hand positions. Finally, the instructions concerning the task need to be understood. 
After the input is processed, two central processes contribute to the control of motor behavior. 
One process unit is cognitive-perceptual and is called the Standard, the other process unit is 
called the Motor Programming Unit After evaluation of the input information, the Standard 
formulates a plan of action, based on the sensory memory traces of previous drawing 
attempts, in which information about the success of the movement, or errors which occurred 
during the movement is stored. For copying, the plan of action includes the starting position, 
the direction in which to proceed, when to change direction etc. After the plan is formulated, 
the Standard activates the Motor Programming Unit to generate the appropriate motor 
commands in order to initiate the drawing movement. During drawing, kinaesthetic 
information is processed by the Standard and when an error is detected programming can be 
corrected. According to Laszlo and Bairstow, kinaesthetic information is a more important 
source of error information than visual feedback from the drawing trace. They argue that "by 
the time the pencil line becomes visible on the paper, it is too late to correct it" (p. 173). The 
plan of action in their model defines the overall approach used to achieve a particular goal, the 
Motor Programming Unit determines how it will be achieved. The latter process can however 
be very flexible. 
MOTOR PROGRAMMING 
In the literature the terms planning and programming, as well as motor program and motor 
plan are frequently used interchangeably, referring to the same process and concept. Mulder 
(1991) describes planning as the first process of the programming stage, followed by 
parametrization and motor adjustment. Since the terms motor programming and motor 
program are well established and mostly mentioned in the literature, they will also be used in 
the next section, when describing the relevant literature. These terms may also be used in the 
next chapters of this dissertation. In the next paragraph, a distinction between planning and 
programming will be made and discussed. 
In this section, movement preparation will be discussed with respect to the processes 
which are involved later in the information processing chain, i.e. during the programming 
stage. According to recent insights, movement preparation involves the assembly of a motor 
program from long term motor memory, which, according to Keele (1981) consists of an 
abstract representation of the movement. This motor program is then supposedly stored in a 
short-term motor buffet Programming is considered to involve the retrieval and unpacking of 
the motor program from the short-term motor buffer (Sternberg, Monsell, Knoll & Wright, 
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1978; Van Galen & Teulings, 1983). The longer a movement sequence, the more time is 
needed to assemble the motor program, to retrieve it, and to unpack iL Numerous studies have 
indeed shown that an increase in the number of movement elements resulted in longer reaction 
times (Canic & Franks, 1989; Fischman, 1984; Hulstijn, 1987; Hulstijn & Van Galen, 1983; 
1988; Inhoff, 1986; Inhoff, Rosenbaum, Gordon & Campbell, 1984; Klapp, 1977; Klapp, 
Anderson & Berrian, 1973; Юарр, McRae & Long, 1978; Klapp SÍ Wyatt, 1976; Kombrot, 
1989; Ostry, 1980; Rose, 1988; Rosenbaum, Kenny & Deir, 1983; Rosenbaum, Saltzman & 
Kingman, 1984; Sternberg et al., 1978; Van Mier & Hulstijn, (accepted); Viviani & Terzuolo, 
1980; Zingale & Kowler, 1987). 
The first researchers to formulate a theory regarding the complexity effect were Henry and 
Rogers (1960). According to their theory, a longer movement sequence requires the loading of 
more commands into a motor buffer, reflected by a longer initiation time. Sternberg et al. 
(1978) explained the increase in reaction time by a self-terminating sequential search through a 
nonshrinking buffer, taking more time when more elements are stored in the buffer. It is 
supposed that for each movement unit a subprogram is stored in a motor program buffer and 
as soon as the go signal is given, a search for the first subprogram is started. The search is 
serial and exhaustive, so the larger the number of subprograms in the buffer the longer the 
time to search the buffer. According to their theory, the movement unit does not necessarily 
have to be the smallest physical movement element, but can consist of more elements, 
depending on the particular task. Based on their findings they concluded that in speech a stress 
group is most likely to be handled as one unit, while the unit in typing seems to be one key 
stroke. The retrieval of the motor program is influenced by the number of units in the buffer, 
the unpacking by the size of the unit. Teulings, Thomassen & Van Galen (1983) found 
evidence that the movement pattern of a well-practiced letter is handled as a single unit. The 
unit might however be as extensive as a name or signature (see Hulstijn, 1987). Rosenbaum et 
al. (1983) demonstrated that it is more likely that the search through the motor buffer is 
hierarchically organized with the time needed to search the buffer being subject to the number 
of nodes to be traversed and not to the number of elements like Sternberg et al. (1978) 
proposed. 
In 1988, Hulstijn en Van Galen showed that for sequences consisting of the same number 
of elements, one sequence highly overleamed and the other never practiced before, less time 
was needed to program the overleamed movement sequences than the novel ones. These 
results led them to conclude that the programming of motor sequences proceeds at least at two 
levels, one higher cognitive level at which a movement plan is set up, and a lower level at 
which this plan is translated into muscle commands. Information needs to be processed at the 
higher level before it can be processed at the lower level. It is the planning of the movement 
sequence that is reflected in reaction time, rather than the programming of the sequence. 
Although there is agreement that programming has to be done before a movement can be 
26 Chapter 1 
executed, studies have shown that not all programming has to be done before the start of the 
first movement element(s). That programming involves nevertheless more than just the first 
element of a sequence was shown by Simonetta, Clanet and Rascol (1991), who compared 
recordings of the Bereitschaf tspotential (BP) or readiness potential of a simple movement with 
those of a movement sequence. They found that the preparatory processes involved in the 
motor sequence concerned more than only the initial movement segment In slow overleamed 
tasks, like handwriting and drawing, planning and programming can be done concurrent with 
the execution of the first movement segment (Meulenbroek, 1989; Portier, Van Galen & 
Meulenbroek, 1990; Portier & Van Galen; in press; Van Galen et al, 1986). Klapp and Wyatt 
(1976) showed that not in all tasks the total movement sequence is programmed in advance. 
They found that increasing the complexity of the beginning of the movement resulted in a 
longer RT, whereas increasing the complexity of the end of the movement had no effect on RT. 
In a slow task, the subject can choose to program only the beginning of the movement in 
advance, while later parts of the movement can be programmed during the execution of the 
firtst part Evidence that the whole sequence is planned in advance only when the sequence has 
to be executed at a fast rate, came from a study by Semjen and Garcia-Colera (1986). 
MOVEMENT PLANNING 
At this point planning and programming will be defined as separate stages. Planning will be 
considered as a more central cognitive process, programming as a motoric, output-related 
process. Before a movement sequence can be executed, abstract motor programs for the 
particular sequence have to be retrieved from long term motor memory, so that they can be 
stored in a short term motor buffer and unpacked at the time of execution. However, in order 
to perform the movement efficiently, the appropriate programs have to be selected, as well as 
the order in which they have to be executed. This process precedes program retrieval and 
storage, and, in line with Mulder (1991), we would like to refer to this process as motor 
planning. During this process, a motor plan is retrieved or assembled, in which spatial, 
sequential and/or temporal aspects of the movement output are specified. It is assumed that 
during the assembling of this motor plan, subjects aim to select a logical and efficient 
movement sequence, for example by applying certain rules as described by the grammar of 
action (see Goodnow & Levine, 1973; Ninio & Lieblich, 1976; Thomassen, Meulenbroek & 
Hoofs, 1992). A motor plan can be very detailed involving the planning of the whole 
movement sequence or may involve only the planning of part of the movement. So, while 
during planning a motor plan is retrieved or constructed, which, according to Miller, Galanter 
and Pribram (1960) "is any hierarchical process ... that can control the order in which a 
sequence of operations is to be performed" (p. 16), during programming one or more motor 
programs are retrieved according to this plan. Motor programs involve aspects as to where to 
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begin and end and the direction of the movement. During the next process, which is called 
parametrization, movement parameters, like size, velocity, and duration are added to the motor 
program by applying the appropriate force. This process is followed by the adjustment of the 
muscles involved in the movement. Program retrieval and storage, as well as parametrization 
and muscle adjustment are considered as programming stages, planning of the movement 
sequence as a decisional stage. The views of Shaffer (1981) are also relevant in this context. 
According to Shaffer, a plan can vary as to how much detail is committed in advance and can 
be "carried around in the head"; a motor program is "an interpretive system for executing a 
plan in a particular motor mode", and is assembled at the time of its use (pp. 331-332). 
Movement planning in figure copying. 
The example of planning a route, described at the beginning of this chapter, and the theories 
and concepts concerning motor programming and planning discussed above, showed that 
planning involves the organization of submovements as parts of a movement plan in such a 
way that the goals can be reached satisfactorily. The outcome of recent research on motor 
control, together with general insights in cognitive psychology and information processing, 
has led to a refined view of planning. In the present section, the latter, together with the results 
ftom the experiments which are reported in the following chapters, is applied to the control of 
drawing movements involved in the copying of line patterns. Our views on planning in 
copying line patterns are presented as a descriptive and tentative model of copying, partly 
based on the results of the above mentioned experiments and summarizing various aspects 
which were studied in isolation in these experiments. Van Galen's writing model (Van Galen, 
1990; 1991) is used as a basis, and is extended with Van Sommers' ideas concerning the 
planning of drawing movements (Van Sommers, 1989), and Laszlo and Bairstow's ideas 
concerning environmental conditions and sensory feedback (Laszlo & Bairstow, 1985). 
Additional issues are the possibility of bottom-up processing and the introduction of visual 
checks leading to loops in the planning of a movement sequence. Differences with Van Galen's 
writing model concern the latter two issues. An important aspect in which drawing differs 
from writing is the sequential aspect While in writing the sequence in which the elements are 
executed is highly set by constraints such as orthography and moving from left to right on a 
horizontal line, sequential aspects are less constrained in drawing. 
In accordance with Van Galen (1990; 1991) who proposed that handwriting entails the 
processing of different writing units at different levels, it is hypothesized that copying requires 
the planning of different drawing units at different levels. To these drawing units we refer as 
the design, the figure, and the segment. A design corresponds to a drawing, e.g., the 
schematic drawing of a house, and can be compared with Van Galen's word unit A figure is 
seen as a subunit of a design, e.g., the schematic representation of the roof of the house, or its 
door or window, and can be compared with Van Galen's letter unit. A segment, finally, is 
28 Chapter 1 
seen as an element of a figure. In the present example, it may correspond to one of the oblique 
lines of the depicted roof of the house. A segment can be compared with Van Galen's stroke 
unit. The planning processes directed at these drawing units are assumed to result in different 
abstract representations containing infomiation on part of the movement sequences to be 
executed. With respect to the design, the figure, and the segment, these representations are, 
respectively, the design plan, and in line with the literature described above in this chapter, the 
motor plan (cf. Laszlo & Bairstow, 198S) and the motor program (cf. Van Galen, 1990, 
1991). At the highest processing level, planning involves the assembly of the design plan. 
During this process, which is visuo-cognidve in nature, decisions are taken about the extent of 
the movement sequence planned in advance of the start of execution. Either all segments may 
be planned in advance, or only the first segment(s) or parts of the sequence. At the next 
processing level, planning results in a motor plan containing information on how a movement 
sequence corresponding to a figure is divided into segments. The motor plan also contains 
information on the order in which these segments will be executed. This process is assumed to 
be visuo-motor in nature. At the lowest processing level, planning involves the retrieval or 
construction of a motor program containing information on how a drawing segment is going to 
be executed, i.e., where the segment will be started and ended and in which direction the 
movement will be executed. In contrast with the design and motor plans, the motor program is 
seen as motoric in nature. The distinction made above between planning and programming can 
be linked to much of the existing literature in such a way that where planning is referred to, it 
often applies to the planning of a design or a figure, whereas when programming is referred 
to, it often applies to a movement segment or stroke. 
So far, the presumed planning processes are related to the goals of copying a stimulus 
pattern, i.e., to producing a drawing consisting of a design of one or more figures, each figure 
having one or more segments. However, planning may also be directed at other than stimulus-
related task aspects such as body posture and drawing materials at hand. These aspects are 
important before copying movements are initiated but also during the execution of copying 
movements and consist of the following steps or subprocesses: (1) the positioning of the non-
drawing hand holding the paper, (2) the positioning of the hand and fingers holding the pencil 
or pen; (3) a visual check of hand positions; (4) a movement of the pen above the drawing 
surface towards the starting position; (5) a visual check of the pen position-, (6) the actual 
positioning of the pentip on the drawing surface while applying a sufficient amount of pen 
pressure; (7) a kinaesthetic check of the pen pressure; (8) the execution of the first drawing 
movement; and finally, (9) a visual check of the result on paper. It is apparent that the "weight" 
or importance of these processes depends on the actual conditions under which the copying 
task is performed. If, for example, the task elicits a large amount of threading (a continuation 
of pentip movements on the drawing surface in order to produce several segments in 
succession), then several of these processes become more or less irrelevant. In the context of 
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this dissertation it also needs to be mentioned that it is reasonable to assume that experienced 
drawers may be very skilled in controlling these subprocesses, but that motor disordered 
subjects may experience serious problems in controlling body postures, hand positions, and 
manipulating the materials. Nevertheless, to some extent these processes are all involved in 
figure copying alongside the planning processes related to the goals of copying as described 
above. After each subprocess or step involving a check, a decision has to be made to proceed 
with the next step or to stop and start again. If the latter is decided, the last step can be adjusted 
and repeated or the decision can be made to start at the beginning of the design, at the 
beginning of a figure of the design, or at the very beginning of a segment of the figure. The 
latter implies that the planning of a sequence of copying movements corresponding to the 
design, the figures, and the segments of a stimulus pattern may not only be interrupted by 
feedback, but may also occur in parallel with the subprocesses during the execution which are 
directed at the body posture, the handling of writing materials, and the visual check of the 
results of the drawing movements. It is clear that many processes are involved in the 
seemingly simple act of copying a pattern consisting of line segments. This becomes even 
more evident when considering that alongside the planning activities mentioned, three different 
types of information resulting from the execution of drawing movements are processed by the 
drawer. Kinaesthetic feedback from guiding the writing instrument, visual feedback 
concerning the position of the writing hand and pen or pencil, and visual feedback from the 
drawing results after a movement sequence, or part of it, has been produced. The latter type of 
feedback is assumed to be used to check whether the goals related to the intended copying 
pattern have been reached. 
MOTOR DIAGNOSIS 
Since one of the aims of this study is to make a contribution to the development and 
improvement of the diagnosis of motor disorders, the role of the information processing 
approach in diagnostic practices will be discussed next. This will be followed by an overview 
of presently available and most frequently used motor tests which make use of copying tasks. 
Although it was seen that the information processing approach has provided an upswing in 
motor research and theory over the last 30 years, its ideas are hardly applied in test 
development (Keele & Hawkins, 1982; Laszlo & В airs tow, 1985; Wiegersma, 1980). Item 
selection of the motor tests or scales developed in the late ^óO's and in the 1970*8, e.g., tests 
or scales by Roach and Kephart (1966), Vane (1968), Bayley (1969), Cratty and Martin 
(1969), Griffiths (1970), Ayres (1972), McCarthy (1972), Stott, Moyes and Henderson 
(1972), Gubbay (1975), Bruininks-Oseretsky (1978) and Touwen (1979), was not based on 
behavioral or experimental theory. Furthermore, defining a pattern of disabilities underlying a 
motor disorder is hardly possible with the above mentioned tests, and therefore none of the 
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tests was found suitable to measure motor disorders (Laszlo & Bairstow, 1985). The 
Henderson revision of the Test of Motor Impairment (Stott, Moyes & Henderson, 1984) is the 
only test mentioned by Laszlo and Bairstow, which is useful for the assessment of motor 
impairment and gives some insight into the nature of the motor disorder as well as some basic 
information needed to design a therapy program. The only test based on a process-oriented 
approach is the Perceptual-Motor Abilities Test developed by Laszlo and Bairstow (1985). The 
selected tasks are based on theoretical principles and are assumed to address perceptual-motor 
processes and to measure underlying fundamental abilities. 
Non-optimal motor behavior is a disorder that affects 5 to 10 percent of all children 
(Gillberg, Gillberg & Groth, 1989; Johnston, Short and Crawford, 1987; Omenn, 1973; 
Paine, 1968; Van Dellen, 1987), varying from gross motor dysfunctions, like in children with 
cerebral palsy (CP) to minor motor dysfunctions (MMD), like in clumsy and/or learning 
disabled children. So, a substantial number of children has to contend with more or less 
serious motor problems, often leading to difficulties in daily life and/or school. A proper 
diagnosis is needed in order to plan effective therapy and training programs. Problems of 
children with motor disorders are mostly not restricted to the more motoric processes of motor 
control, like parametrization and muscle adjustment, but, due to brain damage, processes like 
perception, memory, planning and programming are often disturbed too. Inefficiencies in one 
or more of the above mentioned processes, can all lead to disorders in overt motor behavior. 
Motor problems in children are mostly diagnosed by means of product-oriented psychomotor 
tests like the Bruininks-Oseretsky Test of Motor Profiency (Bruininks, 1978), the Southern 
California Sensory Integration Tests (Ayres, 1972), or by means of motor scales like the 
McCarthy Scales of Children's Abilities (McCarthy, 1972), the Bayley Scales of Infant 
Development (Bayley, 1969), or Griffiths' Abilities of Young Children (Griffiths, 1970) 
(Cratty, 1981; Hulstijn & Mulder, 1986; Reddihough, Bach, Burgess, Оке & Hudson, 1990). 
In these tests, scoring is based on the end results, i.e., in terms of passing or failing on a task. 
The scores can be used to assess the performance level of the child and to determine whether 
success should be expected given the child's age, but to establish why the child cannot 
perform the task is hardly possible. Knowing more about the processes responsible for motor 
disorders and changing the focus of attention from an emphasis based mainly on performance 
levels to an emphasis on these processes as well might improve diagnostic procedures and be 
of help in establishing properly targeted therapy and training programs. In order to assess 
specific motor behavior, a product-oriented approach in which performance is tested on items 
involving that behavior is most relevant. The understanding why performance on particular 
test items is not adequate can only be identified by tests addressing underlying processes. 
The fact that drawing and figure copying tasks are sensitive methods to reveal disturbances 
in information processes, constitutes one of the reasons why these tasks are included in so 
many tests (Lezak, 1983), and are usually a standard test item in developmental scales (Keogh 
Overview and summary 31 
& Sugden, 1985). Two of the most used psychological tests in the Netherlands are figure 
copying tests, namely the "Benton" and "Bender" (Bouma, Hijman, Lindeboom & Van der 
Hoff, 1981), while the Bender is most frequently used in the USA (Lubin, Wallis & Paine, 
1971). To illustrate the extensive use of copying tasks in testing, the most frequently used and 
known tests consisting of or including copying are presented in Table 1. A short description of 
the tests, together with the test stimuli and the appropriate references will be given in the 
appendix. The first eight tests in Table 1 are specific figure copying tests. Test seven and eight, 
however, are specifically used to test memory for designs. The remaining tests are test 
batteries which include a copying test Within each category, i.e., specific figure copying tests, 
memory for design tests, and tests batteries, the tests are presented in chronological order. 
Table 1. 
Overview of tests consisting of or including figure copying. 
1. Bender Visual Motor Gestalt Test 
2. Rey-Osterrieth Complex Figure Test 
3. Benton Visual Retention Test 
4. Minnesota Percepto-Diagnostic Test 
5. Developmental Test of Visual-Motor Integration 
6. Primary Visual Motor Test 
7. The Ellis Visual Designs Test 
8. Memory-for-Designs Test 
9. Stanford-Binet Intelligence Scale 
10. Gesell's Child Development from 1 to 10. 
11. Wechsler Memory Scale. 
12. Bruininks-Oseretsky Test of Motor Profiency 
13. School Readiness Test 
14. Purdue perceptual-motor survey. 
15. Vane Kindergarten test. 
16. Perceptual-Motor Efficiency 
17. McCarthy Scales of Children's Abilities. 
18. Southern California Sensory Integration Tests. 
19. Test of Motor Impainnent 
20. Perceptual-Motor Abilities Test 
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SUMMARY OF THE DISSERTATION 
This chapter will be concluded by presenting a summary of the studies described in this 
dissertation. As said before, the tasks used in this dissertation are drawing and writing tasks, 
with an emphasis on drawing. In chapters 2,3 and 4, line drawings had to be copied, while in 
chapter S, a drawing path had to be traced. The main interest was in the processes underlying 
drawing and writing production, focussing specifically on the planning of the movements. All 
drawing tasks were performed on a digitizer recording the coordinates of the pen tip every 10 
msec. Manipulations of task variables assumed to influence the planning of the movement 
were measured. Effects of these manipulations on movement planning were studied by 
measuring the time needed to initiate or execute the movements. In an attempt to establish the 
efficiency of the planning process, all drawing products were scored for accuracy. 
Recent advances in the technology of movement registration allow the studying of 
movement planning in more detail. Besides the product on paper, analysis of kinematic 
variables provides important information about e.g. the time needed to initiate and execute a 
response, the velocity, the fluency of the movement, the duration of the movements on and 
above the paper as well as information about stops or pauses. However, these kinematic 
variables cannot be related directly to underlying processes. By manipulating task variables 
that are supposed to have a more direct relation to these processes, it is hoped to gain more 
insight in the nature of the movement organization underlying motor behavior. Two variables, 
assumed to influence motor planning, i.e., stimulus complexity and movement familiarity, are 
manipulated in the studies described in this dissertation. The central questions addressed in 
these studies are: 
1. Are well-practiced movements planned at a different level than novel or hardly practiced 
movements? 
2. To what extent does the relationship between movement planning and execution change as 
an effect of practice? 
3. To what extent is movement planning disturbed in children displaying major and minor 
motor disorders? 
4. Is retardation of psychomotor activities in closed head injury and depressive patients caused 
by disturbances in the same underlying proces(ses), and is it mainly caused by a slowness in 
cognitive processes related to movement planning or is the motoric execution delayed? 
The first two questions will be addressed in chapters 3 and 3, while the latter two, more 
clinical, questions will be studied in chapters 2 and 4. 
Chapter 2 describes a study of movement planning in children with motor disorders, based on 
an information processing theory. Effects of complexity and preview on planning demands 
were studied by measuring latencies and errors in three copying tasks. Planning demands were 
manipulated by variations in pattern complexity and preview conditions. The performance of 
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children with cerebral palsy (CP) and minor motor disorders (MMD), was compared to the 
performance of age matched control children. The mean age of the children in each group was 
nine years. The latencies of CP and MMD children were identical, but clearly longer than those 
of the control groups. Task variables differentially affected the latencies. Whereas complex 
patterns resulted in longer latencies for all groups, preview conditions reduced latencies more 
for CP than for MMD children. A close inspection of the data revealed that CP and MMD 
children also differed with respect to the amount of preparatory motor activity which occurred 
during the latency period. The duration of this activity was significantly longer for CP than for 
MMD children. In addition, error analyses showed that, whereas complex patterns elicited 
significantly more errors in copying the correct form of the stimulus in CP children compared 
to control children, more errors with respect to the scaling of the stimulus elements were 
elicited in MMD children. Developmental effects in movement planning were studied by 
testing 6,8, and 10 year old healthy control children as well as adults. Significant age effects 
were found for both latencies and errors, indicating that movement planning becomes more 
efficient with increasing age. Because the motor-disordered groups performed less well and 
showed a different pattern of results than the youngest control group, the findings could not be 
attributed to a maturational lag. The results of this study showed that motor disorders can be 
differentiated by means of copying tasks in which planning demands are varied systematically. 
Whereas CP children appeared to have problems in perceiving and planning complex copying 
movements, MMD children showed problems with making an optimal use of previews in the 
planning of these movements. 
Although an attempt was made in chapter 2 to minimize the effects of perceptual 
processing, it is likely, however, that it influenced initiation time. Effects of complexity on 
initiation time could have been caused by either perceptual or planning processes, or both. In 
chapter 3 an attempt was made to disentangle these two processes by increasing only the 
complexity of the movement planning. By manipulating the familiarity of, or practice with, the 
movement sequence, an attempt was made to determine the level at which a movement is most 
likely to be planned. While most research concerning motor planning had shown that 
increasing movement complexity affected initiation time, effects of complexity in handwriting 
experiments tended to be very small от nonexistent This could have been caused by the well-
practiced nature of letter writing and the level of advance programming. To investigate this, an 
experiment was done in which subjects had to copy, as quickly as possible, stimuli consisting 
of three categories. Not only letters but also figures and patterns were used, consisting of 
familiar figures and novel nonsense (unfamiliar) patterns both of which were rarely or never 
drawn before. (Note that the term "figure" is used here with a specific meaning, deviating also 
from that in the preceding paragraph on movement planning). Initiation time was found to 
increase linearly with the complexity of the stimulus pattern (defined as the number of strokes, 
varying from four to ten) but the effect was much larger for figures and patterns than for letters 
34 Chapter 1 
and it rapidly decreased with practice (successive presentations). In order to establish whether 
these effects were caused by differences in the level of planning rather than by perceptual 
processes, the motoric complexity of the movement was manipulated. This was achieved by 
presenting the same stimuli, but changing the style in which they had to be written and drawn 
(the number of strokes had to be doubled by requiring the subject to draw each line segment 
twice in immediate succession). Drawing double lines increased initiation time with increasing 
number of strokes significantly for the figures and patterns. For letters, the increase was 
independent of the number of strokes. These results suggest that the planning of a movement 
sequence occurs at several levels and that the amount of motor practice highly determines at 
which level a movement will be planned. For well-practiced movements like writing, planning 
appears to be performed mainly at a higher, more cognitive level, while the planning of novel, 
less practiced movements is assumed to reflect a lower, more motoric level. 
Chapter 4 presents the results of two copying tasks, consisting of the same stimuli as the 
tasks described in chapters 2 and 3, performed by patients and control subjects. A retardation 
of psychomotor activities is often observed in a variety of disorders. Important questions are if 
this retardation is an unique and unidimensional phenomenon and to what extent cognitive and 
motor factors contribute respectively to the observed motor slowing. The first question was 
addressed by testing two quite dissimilar clinical populations i.e., a neurological group, 
consisting of closed head injured patients and a psychiatric group, consisting of depressive 
patients. Stimulus complexity and motoric familiarity of the movement sequence were 
manipulated. Initiation times as well as movement times were analyzed. In order to answer the 
second question, attempts were made to differentiate between cognitive and motor components 
underlying psychomotor retardation by dividing movement time into the time that the pen was 
on the paper and the time that the pen was off the paper. It was assumed that the former 
measure mainly reflected motoric demands, while the latter was supposed to be more 
susceptible to cognitive variables. The performance of closed head injured and depressive 
patients was compared to that of control subjects, matched for age, sex and education. The 
results showed that both patient groups were clearly delayed in their fine motor activity. 
Differences between patients and control subjects were mainly found for initiation times and 
the time spent above the paper, but not for the duration of the movements on the paper. Both 
findings suggest that in the patients predominantly cognitive processing was delayed, rather 
than motor execution. Furthermore, the two patient groups showed a dissimilar pattern of 
results and differed from each other in the way they performed the task. The different effects 
of complexity and familiarity on latencies and copying errors in the patient groups, suggest 
that a dysfunction in memory underlies the psychomotor slowness in closed head injured 
patients, whereas a lack of effort is hypothesized to underlie psychomotor slowness in 
depressive patients. Planning involves the retrieval of a plan (in the case of an overlearned 
movement sequence) or the construction of a new plan (in the case of a novel movement 
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sequence). The latter is supposed to require effort This retrieved or constructed plan has to be 
kept in short-term memory, so that the actual movement can be compared to the plan and 
decisions about what to do next can be made. Disorders in memory are likely to delay the 
planning of all movements, while a lack of effort is mainly thought to affect the planning of 
those movements requiring effort. Le. novel movement sequences. 
The research in chapters 3 and 4 had shown large differences between the planning of 
overleamed movement patters, like letters, and the planning of novel, unpracticed movement 
patterns. This difference stimulated a study in which changes in the planning of a movement 
were studied as a function of practice. This learning process, during which a novel movement 
pattern transforms into a well-leamed movement pattern, is addressed in chapter 5. The 
planning of a movement is likely to be influenced by perceptual and motoric aspects of the 
task. In chapters 2 to 4 it might be assumed that, although specific measures were taken in 
chapter 3, both components may still have affected initiation time. In chapter 5 an attempt was 
made to develop a task in which the perceptual component was entirely absent To this end, the 
acquisition of movement patterns, consisting of relatively simple horizontal and vertical 
trajectories with only binary direction decisions at the intersections, was studied in a maze 
drawing task. Twelve subjects learned to move a pen through cut-out maze patterns with their 
eyes closed. Maze patterns consisted of six, eight, ten, or twelve segments that were 
connected by intersections. Total length of the correct path of each maze was 24 cm. Although 
the mazes could be traced continuously in a clockwise direction, selecting a wrong turn at an 
intersection led to a dead end. Performance at intersections was analyzed by determining the 
number of correct (and incoirect) tums following mechanically forced stops and the number of 
correctly planned and executed turns without any halt. An increase in the number of correct 
tums as a function of practice indicated that subjects gradually learned to produce segment 
chunks of increasing size. It was found that up to 8 segments could be chunked together A 
practice-complexity interaction with respect to the number of correct tums showed that chunk 
size did not increase linearly with the number of maze segments. The results show a gradual 
change in movement strategy from a sequential, trial-and-еігог mode in which the planning 
and execution of movements occurred segment by segment, to a concurrent planning mode in 
which several segments were planned as one unit and in which the preparation of subsequent 
movements occurred - to a greater or lesser extent - simultaneously with the execution of 
earlier segments. Finally, the results suggest that this learning process proceeded through 
qualitatively different learning phases. 
The present dissertation attempts to describe the process of movement planning in subjects 
with and without movement disorders. With respect to the clinical studies in chapters 2 and 4, 
it can be concluded that the strategy of manipulating variables that are supposed to influence 
particular information processes within the same task, allows the studying of movement 
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disorders and processes underlying normal and disturbed motor behavior. This approach may 
be considered a powerful tool in future, process oriented diagnosis of motor disorders. 
Furthermore, it is shown that the copying tasks used were sensitive enough to reveal disorders 
in information processing, by showing larger effects of independent cognitive variables on 
patients than on control subjects. With respect to the experimental studies involving healthy 
subjects in chapters 3 and 5, it can be concluded that practice, long term as well as short term, 
has a great effect on movement planning and strategies. Therefore, caution is needed in the 
interpretation or application of initiation time data from studies with novel, unpracticed 
movement sequences, to the planning of overleamed, automatized sequences. The transition 
from planning an unpracticed sequence to an overleamed sequence can be seen as a gradual 
change from a sequential, trial-and-errof mode in which the planning and execution of 
movements occurred segment by segment, to a concurrent planning mode in which the 
preparation of movements occurs simultaneously with segment execution. 
Except for chapter 1, the chapters in this dissertation are based on articles that have been 
accepted or submitted for publication in journals (see Table 2). 
Table 2. 
Overview cf accepted and submitted articles constituting chapters 2-5. 
Chapter 2: Van Mier, Hulstijn and Meulenbroek (submitted) 
Chapter 3: Van Mier and Hulstijn (accepted) 
Chapter 4: Van Mier, Hulstijn, Tromp and Van Hoof (submitted) 
Van Hoof, Hulstijn, Van Mier and Pagen, (submitted) 
Chapter 5: Van Mier, Hulstijn and Petersen (in press) 
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ABSTRACT 
In the present study effects of complexity and preview on planning demands were 
measured with respect to latencies and errors in a copying task performed by children 
displaying motor disorders. Planning demands were manipulated by variations in 
pattern complexity and preview conditions. Experimental groups consisted of children 
with cerebral palsy (CP) and children having minor motor disorders (MMD). Control 
groups consisted of younger, age-matched and older children, and adults. The latencies 
of CP and MMD children were identical, but clearly longer than those of the control 
groups. Task variables differentially affected the latencies. Whereas complex patterns 
resulted in longer latencies for all groups, preview conditions reduced latencies more 
for CP than for MMD children. 
A close inspection of the data revealed that CP and MMD children also differed with 
respect to the amount of motor activity occurring near the end of a latency period. The 
duration of this activity was significantly longer for CP than for MMD children. In 
addition, error analyses showed that whereas CP children made more form errors in 
complex patterns, MMD children made more scale errors. Significant age effects in the 
control groups were found for both latencies and errors. Because the experimental 
groups performed less well than the youngest control group, the present findings 
cannot be attributed to a maturational lag of the motor-disordered groups. 
It is concluded that motor disorders can be differentiated by means of copying tasks 
in which planning demands are systematically varied. While both CP and MMD 
children appear to have problems in information processing, the results indicate that CP 
children appear to have more problems in planning copying movements than MMD 
children. 
* Submitted 
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INTRODUCTION 
Motor problems in children are mostly diagnosed by means of product or result-oriented 
psychomotor tests (Cratty, 1981; Hulstijn & Mulder, 1986) or motor scales (Reddihough, 
Bach, Burgess, Оке & Hudson, 1990). This approach relies on scores to establish the 
performance level of the child, which is then compared with the general level of children of the 
same age. This way of testing determines whether a child can or cannot perform a specific 
motor task, and whether success should be expected given the child's age, but end scores do 
not establish the reason why the child cannot perform the task (Deuel & Robinson, 1987). A 
process-oriented approach, with an emphasis on the processes underlying motor performance, 
is more suitable for answering the question of "why not" (Laszlo & В airs tow, 1985; 
Schellekens, 1990). Knowing more about the processes underlying motor disorders and 
shifting the focus of attention from an emphasis based mainly on performance levels to an 
emphasis on these processes as well is likely to improve diagnostic procedures and be of help 
in establishing properly targeted therapy and training programs. 
Disorders in one or more of the processes occurring between the presentation of a stimulus 
and the initiation of the response to that stimulus can lead to disturbances in motor behavior 
varying from gross motor dysfunctions, as in children with cerebral palsy (CP), to minor 
motor dysfunctions (MMD), as in clumsy and/or learning disabled children. In most cases the 
cause of the disorder is not cleat Problems of children with motor disorders are usually not 
restricted to the more muscle specific processes of motor control, but, due to brain damage, 
also involve processes like perception, memory, planning and motor programming. To date, 
little research on movement planning has been conducted in special populations such as CP or 
MMD children (Goodgold-Edwards & Cermak, 1989; Parks, Rose & Dunn. 1989; 
Schoemaker, 1992). Most research in this context has been directed at perceptual processes. 
Studies involving CP children (Abercrombie, 1964; Birch & Lefford, 1964; Boll & Reitan, 
1972; Howard & Henderson, 1989; Menken, Cermak & Fisher, 1987) and MMD children 
(Bairstow & Laszlo, 1981; 1989; Hulme, Smart & Moran, 1982; Laszlo, Bairstow, Bartrip & 
Rolfe, 1988; Lord & Hulme, 1987; 1988; Murphy & Gliner, 1988) have shown that their 
problems in motor behavior can often be attributed to perceptual deficiencies. There are, 
however, studies which show that motor problems can also be observed in the absence of 
perceptual deficiencies (Murray, Cermak & O'Brien, 1990; O'Malley & Griffith, 1977; Smyth 
&. Glencross, 1986). These studies suggest that the motor problems of CP and MMD children 
may also be attributed to deficiencies in movement planning, a component of the reaction 
process which occurs after the perceptual processing of feature extraction and stimulus 
encoding (Sanders, 1990). As already stated in chapter 1, planning is defined as the process 
during which a motor plan is retrieved or assembled, in which spatial, sequential and/or 
temporal aspects of the movement output are specified. A motor plan can be very detailed 
involving the planning of the whole movement sequence or may involve only the planning of 
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part of the movement In order to investigate whether motor problems of children with cerebral 
palsy (CP) and of children with minimal motor disorders (MMD) can also be attributed to 
movement planning processes, the present experiment compares their performance to that of 
age-matched control children. 
It is obvious that an adequate measurement procedure addressing movement planning is 
needed for this purpose. Consequently, task variables which in isolation, or in combination, 
specifically address movement planning have to be selected. Since graphic tasks have recendy 
been used to examine movement planning in healthy children (Broderick & Laszlo, 1987; 
1988; Cratty, 1986; Cratty, Cratty & Cornell, 1986; Laszlo & Broderick, 1985) and since 
motor problems in children have been extensively investigated and demonstrated in visuo-
motor tasks (Abercrombie, 1970; Ayres, 1972; Cermak, 1983; Gubbay, 1975; Henderson & 
Hall, 1982; O'Malley & Griffith, 1977; Wedell, 1980), a copying task was used in this study. 
Copying and drawing are complex motor tasks, involving processes like perception, memory, 
motor planning and motor adjustment. Since these processes are also involved in most daily 
life motor behavior, copying and drawing are ecologically valid tasks and therefore hardly 
need special motivation, training, or attention. Furthermore, copying geometrical patteras has 
been shown to be sensitive to disturbances in information processes (Van Mier, Hulstijn, 
Tromp & Van Hoof, submitted), and is included in many diagnostic tests (Lezak, 1983; see 
also chapter 1). A disadvantage of most tests is, however, that it is hard to establish whether a 
copying score below average is caused by problems in either perceptual, memory, or motor 
planning processes, or by problems in the execution or adjustment of the copying movements. 
However, by manipulating those dimensions of the task which are supposed to be related to 
these processes, a more detailed answer can be expected. In addition, copying movements can 
be recorded easily with the help of a writing tablet The fast (100 Hz) and accurate (0.1 mm) 
recording technique can provide precise and relevant information concerning the kinematic 
aspects of the movement 
Over the past three decades numerous studies in motor control have been conducted to 
measure the effects of planning demands on the time needed to initiate movements. One of the 
most widely reported and discussed findings of these studies is that more time is needed to 
initiate longer movement sequences (Henry & Rogers, 1960; Henry, 1980; Klapp, 1977; 
1980; Sternberg, Monsell, Knoll, & Wright, 1978; Van Galen, 1990; 1991; Van Mier & 
Hulstijn, accepted). This effect was found for simple movements, like key pressing (Canic & 
Franks, 1989; Korabrot, 1989; Rosenbaum, Kenny & Derr, 1983; Rosenbaum, Saltzman & 
Kingman, 1984), tapping (Klapp, 1977; Klapp, McRae, & Long, 1978), or striking targets 
(Fischman, 1984), but also for complex movements like speech (Sternberg et al., 1978), 
typing (Ostry, 1980; Sternberg et al., 1978), and drawing (Hulstijn & Van Galen, 1988; Van 
Galen, 1980; Van Mier & Hulstijn, accepted). In line with these findings, this study focuses 
on the latency or initiation time of the copying movements and uses stimulus patterns which 
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vary in terms of length or complexity. It must be noted that the term initiation time is used 
rather than reaction time, to indicate that copying tasks entail more than a simple reaction to a 
stimulus such as pressing a button. 
A second important issue in reaction time experiments is the use of either a simple or 
choice reaction time paradigm to measure movement planning. In a simple reaction-time task 
subjects are presented with all the information needed to perfonn the task before a go signal is 
given. In a choice reaction time task, die task-related stimulus (usually one alternative from a 
limited set) is given simultaneously with the go signal. Although the original findings on the 
effect of sequence length on latencies of speech and typewriting of Sternberg et al. (1978) 
were found in a simple reaction time task, others (e.g., Klapp, 1977; Klapp et al., 1978) have 
argued that choice reaction times need to be measured as well to establish the extent to which 
subjects are able to prepare movement sequences in advance of the go signal. To investigate 
the latter issue two preview conditions were used. These preview conditions were similar but 
not identical to a simple and choice reaction time paradigm. The preview conditions consisted 
of two extreme specifications of the precueing technique as applied in reaction time studies 
(Rosenbaum, 1980; Teulings, Thomassen & Van Galen, 1983; Zelaznik, Shapiro & Carter, 
1982). In one condition, the visual stimulus was not presented until the presentation of an 
acoustic go signal; in the other, a full preview of the copying pattern was presented before the 
presentation of the go signal. It was assumed that presenting a preview would decrease 
initiation time considerably since the perception and recognition of the stimulus, and (part of) 
the movement planning could be done in advance of the initiation time interval. 
Although the effect of sequence length on initiation time in choice reaction time 
experiments has been attributed to the extra time that subjects need to plan a longer movement 
sequence, effects of perception and recognition are very likely to influence initiation time as 
well. Not only has a more complex movement sequence to be planned, it also has to be 
perceived and recognized. Since the main focus of this study is on movement planning, an 
attempt was made to minimize perceptual effects by leaving the stimulus within the child's 
view during the task and by using a restricted set of stimulus patterns, which were presented 
repeatedly. It was assumed that the perception and recognition of the patterns would be 
relatively simple using this procedure. Furthermore, an attempt was made to force subjects to 
plan as much of the sequence as possible before initiating the movement. Therefore, in the 
second part of the experiment, two copying patterns per trial were used instead of one, while 
the time to finish the drawing was kept constant. Subjects were also instructed to draw the 
stimulus patterns all at once without interruptions. In this way we anticipated to establish 
whether differences found in initiation time between children with motor problems and control 
children could also be attributed to problems with motor planning. 
With respect to the copying performance of the motor disordered groups, differential 
effects of the task variables mentioned above were expected on the latencies of the copying 
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movements. It was expected that the increase in initiation time as a function of pattern 
complexity would be larger in CP and MMD children than in control children. With respect to 
the preview conditions, the expectation was that children having problems either in perceiving 
and recognizing the stimulus patterns or in planning their movements would benefit more from 
a preview condition than children who had fewer problems in this respect, i.e., a larger 
initiation decrease was expected in the former group. Another prediction concerned a 
presumed difference between CP and MMD children. Although the diagnosis of these 
disorders can be characterized as rather ambiguous, the motor problems of CP children are 
generally considered more severe than those of MMD children. Therefore, it was not only 
expected that the latencies of the CP and MMD children would be longer than those of control 
children, but also that the latencies of the CP children would be longer than those of the MMD 
children. 
Hulstijn and Mulder (1986) reported that children with motor disorders and younger 
children frequently made so-called 'preparatory' movements with the pen above the drawing 
surface just before starting the actual drawing on paper. Although in some cases these 
preparatory movements could be described as "dry-runs" (see also Mulder, Hulstijn & Van de 
Bunte, 1986) as if the subject practiced the oncoming drawing movements, they attributed the 
high incidence of these movements in motor disordered children to problems in positioning the 
pentip towards the starting point on the drawing surface or to problems in setting the proper 
muscle force levels to initiate the first drawing movement These assumptions, however, were 
not tested. In the present experiment, these preparatory movements were studied in greater 
detail by measuring their duration. If the preceding movements can be attributed to a 
peripheral, inefficient initiation of the first drawing movements rather than to a more central 
movement planning process, then complexity and preview effects on the duration of these 
movements should be absent. If, however, the preceding movements were related to 
movement planning, then complexity and preview effects on the duration of the preceding 
movements, comparable to those on initiation time, are to be expected. 
Although the main focus of this study was on initiation times, the copying movements of 
the subjects were also studied with respect to errors, defined as deviations from the stimulus 
pattern. Two error types were distinguished: form and scale errors. A form error was scored 
when the copying pattern was severely distorted in comparison with the stimulus pattern or 
when one or more elements were missing or added. A scale error was scored when all the 
elements of the stimulus pattern were present in the copying pattern but when one or more 
elements differed on aspects such as size and orientation. 
Finally, age effects were attended in the present experiment by involving control subject 
groups of varying ages. It has been suggested that children with motor problems, especially 
those with minor problems, are delayed in their motor development, since most of the children 
seem to out-grow their motor problems in their teenage years (Denhof, 1973; Gillberg, 
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Gillberg & Groth, 1989; Knuckey & Gubbay, 1983). Others, however, found no evidence for 
a maturational delay (Forrstrò'm & Von Hofsten, 1982; Losse, Henderson, Elliman, Hall, 
Knight & Jongmans, 1991; Smits-Engelsman, Van Galen & Portier, in prep). In order to 
investigate whether a maturational lag could be held responsible for the performance 
characteristics of the motor disordered groups, the data of the CP and MMD children, who had 
an average age of 9 years were contrasted with the data of the 6 year old children, and 
compared in a separate analysis. 
METHOD 
SUBJECTS 
A total of 60 subjects, forming two experimental and four control groups, participated in the 
experiment. The experimental groups consisted of 10 children with cerebral palsy (CP: 6 boys 
and 4 girls, ranging from 8 to 10 years with a mean of 9;0 years) and 10 children with minor 
motor dysfunctions (MMD: 8 boys and 2 girls, ranging from 8 to 10 years with a mean of 
8;11 years). The control subjects consisted of three groups of 10 children (C6, C8, and C10: S 
boys and S girls in each group, mean ages: 6;0, 8,0, 10;0, respectively), and one group of 
adults (A: S men and 5 women, mean age 23 years). Because the mean age of the CP and 
MMD children was 9;0 we compared the performance of the motor disordered children with 
the performance of the C8 and C10 children who together formed a control (CTR) group. 
The MMD and CP groups consisted of children who were diagnosed as having motor 
problems in writing and/or sports, but who according to their teachers and occupational 
therapists had "normal" intelligence and attentional capacities. Only children who were able to 
handle a writing pen and capable of writing their names were tested. CP children were 
suffering either from an infantile or from a post-traumatic encephalitis. At the time the 
experiment took place, the CP children were educated at an elementary school for external 
patients at the Rehabilitation Center of the Sint Maartens Kliniek in Nijmegen. The MMD 
children were pupils of a special school for children with educational problems, also located in 
Nijmegen. The control children were pupils of an ordinary elementary school in Nijmegen. 
MATERIAL 
Four stimulus patterns were used, an apex, a diamond, a circle, and a rotated letter S (see 
Figure 1). In an earlier report of the first task of this experiment (Hulstijn & Mulder, 1986) it 
was mentioned that subjects were also asked to copy two additional stimulus patterns, viz., a 
single oblique line in one of two directions. These directions were indicated by arrows. It was 
found, however, that the presentation of the arrows disrupted the copying performance of the 
subjects. Most of the children did not follow the desired direction (upwards) or drew the entire 
arrow, although they were instructed to draw only a single line when an arrow was presented. 
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Bryant (1969), Fisher (1980) and Rudel (1982) have shown that the discrimination of oblique 
lines, running from top right to bottom left or from top left to bottom right, tended to be very 
difficult for children, especially when these lines were presented in immediate succession. 
Abercrombie, Lindon and Tyson (1968) found a tendency for children to move downwards 
(67%) in free drawing of single oblique lines. Because of these complexities associated with 
the isolated oblique lines, the present study concentrates on four of the six stimulus patterns 
that originally were used in the experiment (Hulstijn & Mulder, 1986). The definition of the 
variations in pattern complexity and the conditions in which the patterns were copied are 
described in the next paragraph. 
А^ОСЛ 
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Figure 1. The four stimulus patterns used in the experiment. 
PROCEDURE AND APPARATUS 
The children were tested at their schools in a quiet, separate room. They were seated on a 
school chair in front of a table, both adjusted to their height. The adult subjects were tested at 
the Department of Experimental Psychology at the University of Nijmegen. The experiment, 
which lasted approximately half an hour, was controlled by means of an Apple He 
microcomputer. An Apple Пе monitor, placed approximately one meter in front of the subject, 
was used to present the stimulus patterns. An Apple Graphics writing tablet was positioned on 
the table such that the lower edge of the writing tablet was parallel with the front edge of the 
table (closest to the subject). Subjects perfonned the copying movements on blank sheets of 
paper (size A4) with a slightly thicker than normal ballpoint pen, that was connected to the 
computer and writing tablet. They were instructed not to put the pen on the paper until they 
actually started their drawing. Pentip movements were recorded over 6-sec. time intervals at a 
sampling rate of 100 Hz with a spatial accuracy of 0.1 mm. 
To get used to the experimental set up, each subject started with a practice session. During 
this session, five stimulus patterns, different from the ones used in the experiment, had to be 
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copied upon visual presentation. In order to elicit prompt reactions, a high-frequency acoustic 
go-signal was presented simultaneously with the presentation of the stimulus patterns. 
Subjects were instructed to copy the stimulus patterns as quickly and accurately as possible. 
The four stimulus patterns which were used in the experimental tasks varied in complexity 
with respect to the number of pattern segments (stimuli 1 and 2) or the number of rotational 
direction changes (stimuli 3 and 4). The patterns had to be copied in three different tasks. Task 
А, В and С Subjects always started with Task A. The order of Tasks В and C, however, was 
counterbalanced across subjects. In Task A, one stimulus pattern was presented per trial. Each 
pattern was presented six times in a random order. No preview was given in this task: 1 sec. 
after the presentation of a low-frequency acoustic warning signal, a high-frequency go-signal 
was presented and at the same time the stimulus pattern was displayed on the screen. Subjects 
were asked to copy the stimulus as fast as possible. In Task B, two stimulus patterns were 
presented per trial, side-by-side. Stimulus presentation only differed from the presentation in 
Tusk A, to the extent that a string of asterisks was presented on the monitor during the 1-sec. 
interval between the warning signal and the go-signal. Task С also involved two stimulus 
patterns per trial. In contrast to Task B, however, a full preview of the stimulus patterns was 
given during the 1-sec. interval, by displaying the stimulus patterns on the monitor 1 sec. 
before the go-signal was presented. Subjects were instructed and trained to copy the stimulus 
patterns only after the go-signal was presented. Tasks В and С consisted of 12 trials each. A 
total of eight two-pattern combinations were used in these tasks which did not include the 
combinations of stimuli 1 and 2, and stimuli 3 and 4. One half of the eight combinations was 
duplicated in Task B, the other half in Task С in such a way that each stimulus was presented 
three times at the first position (i.e., at the lefthand side) and three times at the last position 
(i.e., at the righthand side). The order of stimulus presentation in both tasks was randomized, 
and in all tasks the stimulus patterns remained on the monitor during the 6 sec. available for 
copying. 
DATA ANALYSES 
Pentip displacements were first low-pass filtered with a cut-off frequency of 12 Hz and then 
displayed for inspection. By means of an interactive computer program, two latency measures 
were determined: (1) initiation time (IT), defined as the time interval between the presentation 
of the go-signal and the beginning of the first copying movement on the paper, and (2) the 
duration of any movements above the paper during the IT interval, preceding the first copying 
movement on the paper (DUPRE). We emphasize that DUPRE was defined as the time interval 
between the first movement above the paper that could be recorded, and the first copying 
movement on the paper. During this interval the pentip was always within the recording range 
of the digitizer (approximately 2 cm in height), not in contact with the drawing surface, but 
close to the position at which the first copying movement was realized. An example of a 
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recording in which both an IT and a DUPRE interval were present is given in Figure 2. 
Latency measures which were shorter than 300 msec, or longer than 5000 msec, were not 
considered reliable and therefore excluded from the data analysis. 
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Figure 2. An example of the recording of DUPRE and IT in Task A. DUPRE is the duration of the 
movements made above the paper surface (dotted line) just before the subject initiated the 
actual drawing and during which the pentip was within the recording range of the writing 
tablet. IT is the time interval between the presentation of the stimulus (at time 0) and the 
start of the first drawing movement on the paper (solid line). 
Each recording was also scored for errors. In Tasks В and C, errors were scored only for the 
first of the two copying patterns because this also applied to Task A, and because some of the 
CP and MMD children were not able to complete both patterns within the б sec. sampling 
period. Two error types were disanguished: (1) form errors, when one or more elements of 
the stimulus pattern were lacking or added, or when all elements were present, but when the 
relation between the elements was so distorted that no resemblance with the presented stimulus 
pattern was found; and (2) scale errors, when all elements were present, but different in size, 
segmented, or rotated in comparison to (parts of) the stimulus pattern. If a recording contained 
a form error, its latency was excluded from the analyses. No errors were assigned for 
tremulous line quality or minor accuracy deviations. 
In Task A, the trials in which the stimulus patterns were copied for the first time, were 
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excluded from the data analyses to eliminate possible warm-up effects. Latencies were 
averaged across replications (five in Task A, and three in Tasks В and Q. Pattern complexity 
effects were investigated by organizing the four stimulus patterns in two groups of simple and 
complex patterns, respectively. Simple patterns were stimulus 1 (chevron) and stimulus 3 
(circle), and complex patterns were stimulus 2 (diamond) and stimulus 4 (horizontal S). A 
further differentiation of these patterns did not provide further information with respect to our 
research questions. 
Statistical data analyses consisted of separate repeated-measures analyses of variance 
(ANOV\) on the means of the latency measures IT and DUPRE, and on error percentages 
reflecting the incidence of form and scale errors. The ANOVA's involved several subject group 
combinations: CP, MMD and CTR groups to test differences between motor-disordered 
children and age-matched control children; C6, C8, CIO and A groups to investigate age 
effects; and finally, CP, MMD and C6 groups to investigate the possibility of a maturational 
lag in the motor-disordered groups. The within-subject factors of these ANOVAs were related 
to our hypotheses concerning the effects of pattern complexity and preview on the latency 
measures and errors of the copying movements. In Task A, the focus was on the effects of 
pattern complexity. Consequently, Complexity (simple versus complex) was used as a within-
subject factor. In Tasks В and C, the focus was on the combined effects of preview and pattern 
complexity, so Preview (preview versus no-preview, i.e., Task В versus C) and Complexity 
were used as within-subject factors. To test differences between the two motor disorders, CP 
and MMD, post-hoc contrast analyses were performed as comparisons of means (p<0.05). 
The results paragraph is divided into three sections concerning the effects on IT, errors, and 
DUPRE. Within these sections, results are reported in relation to the research questions 
concerning motor disorders, complexity effects, preview effects, age effects, and maturational 
lag. 
RESULTS 
INITIATION TIME 
The results concerning initiation time (TI) are depicted by the solid lines in Figures 3 and 4. 
Figure 3 shows the effects of Complexity in Tasks A, B, and С Figure 4 shows the effects of 
Preview in Tasks В and С for all 6 groups. 
The CP and MMD groups had longer IT's than the CTR group (Task A: F(2,37)= 16.08, 
p<0.001; Tasks В and C: F(2,37)=13.46, p<0.001). Comparisons of means revealed no 
significant differences between the CP and MMD groups. As expected, complex patterns 
elicited longer IT's than simple patterns (F(l,37)=26.98, p<0.001). The latter effect was 
identical in the three groups (F(2,37)=0.56, ns). A preview elicited shorter IT's (F(l,37)= 
61.64, p<0.001). This effect, however, was larger in the CP than in the MMD group 
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(F(2,37)=4.18, p<0.05). The interaction between Complexity and Preview which can be 
observed in Figure 3, shows that when a Preview was presented, the effect of Complexity 
disappeared (F(l,37)=6.86, p<0.05). No higher-order interaction between Group, Com­
plexity, and Preview was found. 
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Figure 3. Mean initiation time (IT; solid lines) and mean duration of the preceding movements 
(DUPRE; dashed lines) for simple and complex stimuli as a function of Task (Task A: 
lefthand column; Task B: central column; Task C: righthand column) for the CP, MMD 
(¿id CTR group separately. 
Initiation time decreased with increasing age. Mean IT's were 1054, 993, 749 and 614 msec. 
for the C6, C8, C10, and A groups, respectively (F(3,36)=10.59, p<0.001). These four 
groups showed identical IT-variations as a function of Complexity (F(3,36)=1.68, ns). A 
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preview decreased mean IT's with 210, 273, 162, and 138 msec, for the C6, C8, CIO, and A 
groups, respectively (F(3,36)=40.38, p<0.001). Finally, the analysis of the CP, MMD, and 
C6 groups showed that, although the CP and MMD groups needed more time to initiate their 
drawings than the C6 group (1.282,1.266 and 1.054 sec., respectively), this difference was 
not significant (F(2,27)=2.58, p<0.10). Post-hoc paired comparisons of means, however, 
showed that the CP group had slightly longer IT's than the C6 group (F(l,27)=4.14, p<0.06), 
as did the MMD group (F(l,27)=3.58, p<0.07). 
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Figure 4. Mean initiation time (IT; solid lines) and mean duration of preceding movements (DUPRE; 
dashed lines) in Tasks В (no preview. 2 stimuli) and С (preview, 2 stimuli) for all subject 
groups. 
ERRORS 
The results concerning form and scale errors are summarized in Table 1. The longer initiation 
times of the CP and MMD groups did not prevent these groups from making more form and 
scale errors than the CTR group. (Task A: form errors, F(2,37)=7.34, p<0.01; scale errors, 
F(2,37)=11.51, p<0.001 ; Tasks В and C: form errors, F(2,37)=7.73, p<0.01; scale errors, 
F(2,37)=37.82t p<0.001). Error percentages increased as a function of Complexity (form 
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errors: F(l,37)=18.13. p<0.001; scale errors: F(l,37)=5.72, p<0.01). Complex patterns 
elicited a much higher percentage of form errors for the CP group, than for the MMD and CTR 
groups (F(2,37)=7.34, p<0.01). In contrast, the increase in scale errors for complex patterns 
was much higher for the MMD group (F(2,37)=5.72, p<0.01). Preview decreased the 
percentage of form errors (F(l,37)=8.61, p<0.01), but not the percentage of scale errors 
(F(l,37)=1.32, ns). Preview differentially affected error percentages of the CP and MMD 
group. For the CP group, a preview decreased the number of form errors, for the MMD 
group, the number of scale errors. 
Table 1. 
Percentages of form and scale errors in Task A (no preview, 1 stimulus). Task В (no preview, 2 
stimuli) and Task С (preview, 2 stimuli). For Task A error percentages are first given separately for 
simple and complex stimulus patterns. 
Form Errors 
CP 
MMD 
CTR 
Scale Errors 
CP 
MMD 
CTR 
TASKA 
simple 
0 
0 
0 
35 
7 
2 
complex 
18 
8 
0 
53 
56 
22 
TASKA 
9 
4 
0 
44 
32 
12 
TASK В 
9 
2 
0 
51 
43 
12 
TASK С 
3 
1 
0 
54 
33 
12 
None of the control groups made any form errors. Percentages of scale errors clearly 
decreased with increasing age (F(3,36)=10.67, p<0.001) with percentages of 28,17,7, and 2 
for the C6, C8, CIO, and A groups, respectively. Complex patterns increased the error 
percentages differentially, with stronger complexity effects for the younger children 
(F(3,36)=9.40, p<0.001). Finally, the analysis of the CP. MMD and C6 groups showed that 
the former two made more scale errors than the latter group (44, 32 and 28%, respectively), 
but the difference was not significant (F(2,27)=1.71, ns.). Both experimental groups made 
more form errors than controls (9,4, and 0%, respectively), resulting in a significant effect for 
group (F(2,27)=3.98, p<0.05). For preview the same effects were found as for the 
comparison with the age matched controls. 
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DURATION OF PRECEDING MOVEMENTS 
The results concerning the duration of movements near the end of the latency period (DUPRE) 
are depicted by the dashed lines in Figures 3 and 4. Although both the CP and MMD group 
had longer DUPRE's than the CTR group this difference was not significant in Task A: 
F(2,37)=1.51, ns) but it was in Tbsks В and C: F(2,37)=11.41, p<0.001). Complex patterns 
elicited longer DUPREs than simple patterns (F(l,37)=11.96, p<0.01). The latter effect was 
identical in the three groups (F(2,37)=0.04, ns). A preview elicited shorter DUPRE's 
(F(1.37)=17.56, p<0.001). This effect was different for the CP, MMD, and CTR groups 
(F(2,37)=8.81, p<0.001). As shown in Figure 3, DUPRE was almost twice as long for the 
CP children than for the MMD children in Task B. The interaction between Complexity and 
Preview was almost significant (F(l,37)=3.93, p<0.06). No higher-order interactions were 
found. 
Significant age effects, similar to those on IT, were found on DUPRE (F(3,36)=3.23, 
p<0.05). The A group hardly made preceding movements (mean DUPRE: 18 msec), nor did 
the CIO group (mean DUPRE: 88 msec.). The C6 and C8 groups had the longest DUPREs 
(197 and 222 msec, respectively). The effect of Preview was not significant (F(3,36)=3.09, 
ns). The four groups showed identical DUPRE-variations as a function of Complexity 
(F(3,36)=1.68, ns), and as a function of Preview (F(3,36)=1.13, ns). The analysis of the CP, 
MMD, and C6 groups showed that these groups had almost identical DUPREs (288, 284, 
and, 197 msec., respectively; F(2,27)=0.40, ns). The effect of Preview on groups was in the 
same order as the comparison with age-matched control children. 
DISCUSSION 
The results of the present experiment show that stimulus complexity and preview influenced 
the dependent variables according to our predictions. Complex stimulus patterns resulted in 
longer IT's in the no-preview conditions and elicited more errors in both conditions. A 
preview decreased IT and the number of errors. It was also found that the CP and MMD 
children clearly needed more time to prepare their drawing movements and made more errors 
than the age-matched control subjects. An objection to the comparison of the motor disordered 
groups with the control group might be that the former groups consisted of ten subjects and 
the latter of twenty subjects. However, separate analyses in which each of the experimental 
groups was compared with an age- and sex-matched control group consisting of ten subjects, 
did not lead to different results. 
The main question of our experiment concerned whether the motor problems of CP and 
MMD children could be attributed to deficiencies in movement planning. The results regarding 
this issue were as follows. It was expected that, if the motor disordered children could be 
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characterized as having problems in perceiving the stimulus and planning the copying 
movements, these children would benefit more from the preview condition than the control 
children. This expectation was confirmed. Furthermore, the expected IT-decrease as a result of 
a preview was clearly much larger in the CP children than in the MMD children. The latter 
finding indicates that the perception and planning problems of CP children seemed to be more 
severe than those of the MMD children. However, it was also predicted that complexity of the 
stimulus patterns would affect the IT of the motor disordered groups to a greater extent than 
the IT of the control subjects. This prediction was not confirmed. Complexity increased the IT 
of both groups to an equal extent Why, however, was a larger increase in IT in the motor 
disordered groups not found? 
A possible answer to this question is that the CP and MMD children may have planned 
their movements inefficiently and did not use enough time to prevent errors. Another 
possibility may be that these children used a different copying strategy: instead of planning the 
whole sequence before starting the first drawing movement, they might have planned only a 
part of it (Hulstijn & Van Galen, 1983; Van Mier & Hulstijn, accepted). A result which is 
relevant in this context concerns the IT-differences between Tasks A and B. Although two 
stimulus patterns per trial in Tasks В and С were presented in order to maintain a sufficient 
level of complexity in the preview condition, this manipulation also allows a comparison 
between Tasks A and B, which were both no-preview conditions but only differed with 
respect to the number of stimulus patterns. Increasing the number of stimulus patterns from 
one to two should have increased IT, if two patterns were planned in advance of the go signal. 
Figure 3 indicates that this was not the case for any of the subject groups. Consequently, the 
complexity effects on IT that were found could be related to the planning of the copying 
movements of one stimulus pattern only. This finding corresponds to the results reported by 
Parks and colleagues (1989). In a simple aiming task these authors found that CP children 
differed from control children only on the premotor (PMT) component of simple reaction time 
and not on the motor (MOT) component. They concluded that CP children require more time 
to plan a simple movement. Whereas accuracy demands did not affect PMT of either group, 
these demands differentially affected movement time. The authors concluded that both groups 
probably did not completely preprogram the response when accuracy demands were increased. 
The latter supports an interpretation that the motor disordered children in our study probably 
also planned only part of the movement sequences if stimuli were complex. In this context, 
however, comparisons of Tasks A and В do not lead to a differentiation of the CP and MMD 
children. 
A result which indicates that CP children differed from MMD children with respect to 
movement planning, concerns the error scores. As mentioned above, CP children had clearly 
more form errors than MMD and CTR children. None of the control children made any form 
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errors. Although both experimental groups made only form errors in the complex patterns, this 
percentage was more than twice as high for the CP group and decreased only for the MMD 
children in Task B, probably as a result of practice. The CP children, however, showed a large 
decrease in the percentage of form errors in the preview task. In our view, form errors were 
more likely than scale errors to be caused by problems in the planning of the movement 
sequence. It is considered likely that scale enors reflect a deficiency in more peripheral parts of 
the motor output process such as parametrization and muscle adjustment (Van Galen & 
Teulings, 1983). Scale errors were clearly less severe than form errors in that they entailed 
minor deviations from the stimulus pattern. It was found that the increase in the number of 
scale errors as stimulus patterns were more complex was much larger in the MMD children 
than in the CP and CTR children. These results suggest that MMD children probably had 
problems in motor processes other than the movement planning process. This is also 
confirmed by findings of Van der Meulen, Denier Van der Gon, Gielen, Gooskens and 
Willemse (1991a, b). These authors showed that although MMD children performed less well 
than control children in goal-directed and tracking arm movements, no differences between 
groups were found with respect to effects of visual feedback. This led the authors to conclude 
that processes in motor programming and motor control were impaired rather than visuo-motor 
integration. 
The attribution of form errors to planning inefficiencies and scale errors to adjustment or 
execution problems is also in agreement with current information processing models which 
differentiate between a movement planning stage and a subsequent motor adjustment or 
parametrization stage (Sanders, 1990; Van Galen, 1991; Van Galen, Meulenbroek, & 
Hylkema, 1986). These models propose that subsequent to the retrieval or construction of a 
motor plan, the motor plan has to be specified with respect to movement parameters such as 
duration, size and force. Movement planning is assumed to occur between input-related 
perceptual processes and output-related motor processes. Consequently, movement planning 
can be seen as a central, decisional process. During this process a plan is retrieved or 
assembled which presumably entails the construction of a procedure in which sequential, 
spatial and/or temporal aspects of the movement output are specified. It is assumed, that 
during this process, subjects aim to select a logical and efficient movement sequence, for 
example by applying certain rules as described by the grammar of action (see Goodnow & 
Levine, 1973; Ninio & Lieblich, 1976; Thomassen, Meulenbroek & Hoofs, 1992). In our 
view, planning is comparable with Ivry's (1986) program-construction process, whereas 
parametrization and muscle adjustment can be compared with his program-implementation 
process. According to Ivry, both processes are reflected in a choice reaction time task, whereas 
in a simple reaction time task program construction might be done in advance, so that only the 
time needed to implement the program will be manifested in reaction time. So, in our preview 
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condition, perceptual and planning processes could have been completed in advance of the go-
signal, with only the motoric implementation processes manifested in ГГ. Because the CP and 
MMD children were primarily selected on basis of poor motor control, problems with 
parametrization and motor adjustment were expected in both groups. However, the effects of 
preview on the latencies and enors of the copying movements show that the CP and MMD 
children probably did differ with respect to planning capacity. 
Finally, the preceding movements will be discussed which, especially in the motor-
disordered group, occurred frequently near the end of the latency period. The finding that 
DUPRE (the duration of these movements) revealed effects of complexity and preview 
comparable to those on IT suggest that these movements were indeed related to planning 
processes. Whereas in Task B, CP and MMD children did not differ with respect to IT, CP 
children had clearly longer DUPREs in this task than MMD children. Furthermore, the 
differential effects of preview on the ITs of the CP and MMD children, were reflected in 
DUPRE. These findings again suggest that CP children differed from MMD children with 
respect to problems in movement planning. However, caution is needed in interpreting the 
results concerning the preceding movements, since only movements up to 2 cm above the 
tablet could be recorded and part of the preceding movements might have been caused by 
problems with the positioning of the pen. 
With respect to age effects in the control groups it was observed that, with increasing age, 
subjects became faster in initiating their drawing movements, while the duration of preceding 
movements and the percentage of scale errors decreased. Keep in mind that none of the control 
groups made form errors. The decrease in ГГ as an effect of increasing age is in line with 
results reported by Meulenbroek, Van der Plaats, Van Galen and Hulstijn (1985) and Van 
Dellen (1987). A decrease in initiation time and enors as a function of age, are often explained 
in terms of an increasing efficiency in information processing. The latter is assumed to be due 
to a shift from serial to parallel processing (McCracken, 1983; Pascual-Leone, 1970), a 
decrease in feedback processing (Hay, 1984), more efficient programming (Schellekens, 
1985; Van Dellen, 1987), or an improvement in the ability to plan a movement (Broderick & 
Laszlo, 1987; 1988; Laszlo & Broderick, 1985). Indications were found that the latter was 
also plausible in this study. While studies by Bee and Walker (1968) showed that two-year old 
children can recognize and discriminate between geometric figures, Connolly (1970) showed 
that identifying figures is no problem for four-year old children. It is therefore likely that even 
for the youngest children in our study, the visual perception of the figures can not account for 
the age differences in the performance measures that were analyzed. The findings of Ayres 
(1978), Birch and Lefford (1967), and Laszlo and Bairstow (1985), who demonstrated that 
tracing abilities, even for diamonds, were mature at the age of six, are also in agreement with 
this viewpoint since in tracing a stronger link between perception and movement is present 
than in, for example, copying patterns (Meulenbroek, 1989). While an increase in the 
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efficiency of perceptual and programming processes can account for the presently observed 
age differences in IT, the improvement in copying performance with increasing age can 
probably also be attributed to a more adequate planning process. By comparing the motor 
disordered groups with the six year old control group, it was found that the former had 
slightly higher initiation times. The duration of the preceding movements in Task A did not 
distinguish the groups. The CP-children however had significantly longer DUPREs than the 
six year old control children in Tasks В and C. The copying performance of the six year old 
children was considerably better than that of the CP group and slightly better than that of the 
MMD group. While both experimental groups made more scale and form errors, CP children 
differed significantly from the six-year-olds on both error types, the MMD children differed 
only with respect to the scale errors. These results show quite clearly that the performance of 
the CP children cannot be attributed to a maturational lag. This seems also the case for the 
MMD children, although the difference between these children and the younger control 
children was less pronounced. 
It is concluded that this experiment has shown that children with severe or minor motor 
problems need more time to prepare copying movements than control children, presumably as 
a result of less efficient information processing. Evidence was presented that CP children 
could be characterized as having problems with the planning of movement sequences. These 
children benefited most, in terms of reaction speed, from the presentation of a preview and 
they made many form errors when stimulus patterns were complex. MMD children were 
found to have problems with speeding up their reactions in case a preview was presented. 
Furthermore, these children displayed a relatively high frequency of scale errors when stimuli 
became more complex. These differences were found despite the fact that both subject groups 
performed the tasks under equal speed instructions. The results indicate that our attempt to 
develop tasks that were perceptually simple and therefore suitable for studying movement 
planning has succeeded reasonably well. It was found that the copying task was sensitive 
enough to reveal planning problems in the CP group. If planning problems are to be focussed 
on in the diagnosis of motor problems by applying complexity and preview as variables in a 
copying task, this study has shown that both reaction speed and the frequencies of different 
types of errors need to be taken in consideration. It need to be stressed that this study was 
conducted with the intention of developing a test battery in which perceptual, memory, 
parametrization and initiation processes can be assessed, and in which visual and spatial 
aspects of motor planning and differences between planning and programming can be 
addressed as well. In general, we showed that the strategy of manipulating variables that are 
supposed to influence particular information processes within the same task allows one to 
study movement disorders and processes underlying normal and disturbed motor behavior. 
This approach may be considered a powerful tool in future, process oriented diagnosis of 
motor disorders. 
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ABSTRACT 
A large number of reaction-time studies have shown that the initiation of more complex 
movements require more advance programming than simpler movements, thereby 
increasing initiation time. In handwriting experiments, however, increases in initiation 
time as a function of the number of strokes tend to be very small or nonexistent. This 
may be caused by the well-practiced nature of letter writing and the level of advance 
programming. To investigate this, we conducted an experiment in which subjects had 
to copy, as quickly as possible, stimuli consisting of three categories. Not only letters 
but also figures and patterns were used, consisting of familiar figures and novel 
nonsense (unfamiliar) patterns which were both rarely or never drawn before. These 
stimuli were presented on a computer screen; writing and drawing movements were 
recorded by means of an XY-tablet. Initiation time was found to increase linearly with 
the number of strokes — which varied from four to ten — but the effect was much larger 
for figures and patterns than for letters, and rapidly decreased with practice (successive 
presentations). In order to try to eliminate a difference in initiation time on account of 
perceptual processing, the same stimuli were presented again, but had to be written and 
drawn in another style, which differed only in motor complexity (the number of strokes 
had to be doubled by requiring the subject to draw each line twice). Drawing double 
lines increased initiation time with increasing number of strokes significantly for the 
figures and patterns. For letters, the increase was irrespective of the number of strokes. 
These results suggest that the planning of a movement sequence involves several levels 
and that the amount of preprogramming is highly influenced by the amount of motor 
practice. 
To appear in Acta Psychologica 
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INTRODUCTION 
The preparation or planning of a complex movement stans, by definition, before the execution 
of the movement As a result, the study of movement preparation relies heavily on the 
measurement of the time it takes to initiate the movement, which is usually called reaction time 
(RT). A more complex movement is assumed to require more time to prepare than a simple 
movement. Therefore, the increase in movement initiation time, as a function of movement 
complexity or sequence length, has been the object of study for many decades. As early as 
1907, Freeman found a longer time to initiate the writing of a more complex pattern. But since 
the study by Henry and Rogers (1960), it has generally been accepted that movements are, at 
least in part, planned before their initiation, and that this planning takes more time if more 
complex movements are involved. Studies in speech (Klapp, Anderson & Berrian, 1973; 
Sternberg, Monsell, Knoll & Wright, 1978), typing (Ostry, 1980; Sternberg et al., 1978; 
Mviani & Temiólo, 1980), handwriting (Hulstijn, 1987; Hulstijn & Van Galen, 1983, 1988), 
key pressing (Canic & Franks, 1989; Inhoff, Rosenbaum, Gordon & Campbell, 1984; 
Kombrot, 1989; Rose, 1988; Rosenbaum, Kenny & Derr, 1983; Rosenbaum, Saltzman & 
Kingman, 1984), tapping (Klapp, 1977; Klapp, McRae & Long, 1978; Klapp & Wyatt, 
1976), striking targets (Fischman, 1984), and oculomotor tasks (Inhoff, 1986; Zingale & 
Kowler, 1987) have since then confirmed the initial findings. 
But although there is general agreement about the findings, the question of what this 
lengthening of initiation time may tell us about the nature of the preparation processes, is still 
open. The dominant view is that before the movement execution starts, the movement 
sequence has to be programmed in advance. Such a program was, according to the most cited 
definition given by Keele in 1968 (p. 387), a set of muscle commands ... structured before a 
movement sequence started. However this view of a program has since been abandoned in 
favor of a more abstract concept, a central representation ... that can lead to patterned 
movement, as Keele defines the program in his 1981 review (p. 1400). Recent articles on 
motor programming are still divided on this topic, stressing either the sequence of muscle 
commands which occur even in simple movements, or the sequence of movements at a more 
abstract level. Once again, these conflicting viewpoints are reflected in a comprehensive 
overview by Keele, Cohen and Ivry (1990), in which these two levels are described as the 
level of action, at which plans are made, and the level of movement, at which the control of 
muscles is realized. 
In language-dominated motor skills, like speech or writing, one may distinguish more than 
two levels (Ellis &. Young, 1988; Hulstijn & Van Galen, 1988; Keele et al., 1990; Van Galen, 
1990; 1991). Writing and drawing are excellent tasks to study these levels, because of the ease 
and precision with which the performance on these tasks can be recorded (Teulings & Maarse, 
1984) and the amount of experimental control which they allow. Therefore the present study 
focuses on the sequences of movements in writing and drawing tasks. Separate strokes may 
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differ in terms of direction, curvature or size (Meulenbroek & Van Galen, 1988). These stroke 
features will affect the number and combination of muscles, mostly of the wrist and fingers, 
that must be controlled or specified. At a higher level, letters differ in the number and in the 
combinations of individual strokes. In addition, letters may be written in several styles such as 
in upper or lower case. At an even higher level, combinations of letters may become integrated 
into a single pattern, as in a signature. In actual writing, the planning of the movements will be 
accompanied by lexical, syntactic and conceptual processing (Van Galen, 1990; 1991). As a 
result, writing involves planning or programming at a number of levels, each of which may 
influence initiation time. In his handwriting model, Van Galen (1990; 1991) proposes that 
information is processed in a hierarchical way in the sense that the output of a higher level 
forms the input for the next lower level. Although processing of a single unit of a writing 
sequence (such as a stroke, a letter, or a word) occurs in a stricdy linear order, processing of 
different units of a writing sequence (e.g., two strokes, two letters, or two words) can occur 
in parallel. Furthermore, the model proposes that programming involves the retrieval of an 
abstract motor program from Long Term Motor Memory (LTMM) which is then stored in a 
Short Term Motor Buffer (STMB). 
An important question is which level contributes most to the duration of the planning 
process, and thereby to the time to initiate the movement In an overview of the relevant 
research in handwriting, Hulstijn and Van Galen (1988) concluded that in sequences in which 
the number of strokes or the number of letters was varied, no conclusive evidence could be 
found for either the stroke or the letter as the most prominent unit in the planning of writing 
movements. The effects of sequence length turned out to be very small in both cases: about 5 
msec, per stroke, and declining from 12.1 msec, to 1.5 msec, per letter with practice. In 
contrast, the effect of practice on initiation times was much larger. In separate studies, this 
effect ranged from 20 -140 msec. These results suggest that the effects of sequence length on 
initiation time will be much larger if the length of unfamiliar sequences is manipulated, than if 
sequences are used, in which the order of the elements is highly familiar. For an unfamiliar 
sequence each stroke has to be programmed separately, requiring several steps to retrieve a 
motor program for each stroke from LTMM as well as to store them in STMB. An increase in 
the number of strokes will subsequently increase the time to initiate the sequence. On the other 
hand, the programming of an overleamed sequence, which can be processed as one 
programming unit, will involve only one retrieval and storage step. The time to initiate the unit 
is therefore irrespective of the number of elements in the unit 
Most research on movement planning has used rather novel, non-automatized movement 
sequences, that were learned in a few trials. This is true for tasks like key-pressing (Inhoff et 
al., 1984; Kombrot, 1989; Klapp & Wyatt, 1976; Klapp, Wyatt & Lingo, 1974; Klapp et al., 
1978; Klapp & Rodriguez, 1982; Rose, 1988; Rosenbaum et al., 1983, 1984), fingertapping 
(García-Colera & Semjen, 1987; Semjen & Garcia-Colera, 1986), making finger, hand, or eye 
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movements to spatially arranged targets (Fischman, 1984; Harrington & Haaland, 1987; 
Юарр, 1975; Zingale & Kowler, 1987), and even for tasks in which novel combinations of 
letters had to be written (Hulstijn & Van Galen, 1983,1988) or typed (Sternberg et al,. 1978), 
or in which non-word combinations of syllables had to be spoken (Rosenbaum, Gordon, 
Sailings & Feinstein, 1987). A well-known exception to this are the experiments by Юарр et 
al. (1973) in which the number of syllables of familiar words was shown to have an effect on 
the initiation time to name these words. Klapp's experiments led Keele et al. (1990) to 
conclude that results obtained with unfamiliar tasks are equally representative for highly 
learned sequences. As has been stated earlier, however, Hulstijn and Van Galen (1988) came 
to the opposite conclusion. Both conclusions were drawn after comparing the results of 
different experiments. 
Therefore, the purpose of the present study was to manipulate the amount of practice in 
one single experiment, and study its effect on the relation between the length of the movement 
sequence and the time to initiate that sequence. For this purpose a task was used in which 
visually-presented letters, figures and patterns, systematically varied in their number of 
strokes, had to be written or drawn on a drawing tablet (a digitizer connected to a computer). 
The figures and patterns were designed such that they were equal to the letter combinations in 
terms of number of strokes, number of pen-lifts, direction of the first stroke and symmetry. 
Moreover, the figure and patterns were only selected after verification that the subjects had 
hardly or no experience in drawing them. The drawings consisted of two categories: 
perceptually familiar figures — like an envelope, a boat or the Dutch railroad logo -- that have 
rarely been drawn before, and a second category of unfamiliar nonsense patterns, which were 
neither perceptually known nor motorically practiced. Letters are familiar on both a perceptual 
and a motor dimension. They can be easily recognized and the order of the strokes in writing 
them is well-learned and automatized. 
The task was similar to a choice-reaction task. Although the time that is needed to initiate 
the movement is mostly referred to as reaction time, it must be noted that in this paper the term 
initiation time is used, this to indicate that copying tasks entail more than a simple reaction to a 
stimulus such as pressing a button. To preclude the possibility of advance programming, 
stimuli and go-signal were presented at the same time. As a result, the initiation times were 
influenced not only by motor programming but also by perceptual processing. Consequently, 
the relation between sequence length and initiation time was at least in part influenced by 
perceptual processes. In order to separate the effect of sequence length on perceptual and 
motor processing, an additional variable was manipulated which was thought to affect motor 
planning only. This variable concerned a condition in which the stimuli had to be drawn in 
another style, which dictated that every stroke had to be made twice. The paradigm used in 
this experiment (the doubling of each stroke) was different from the paradigms described by 
Hulstijn and Van Galen (1983, 1988) and allowed us to determine more accurately at which 
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level motor programming occurred. For, if motor planning is predominantly done at a stroke 
level, then the doubling of the number of strokes should double or at least affect the increase 
of initiation time with stimulus complexity. However, if motor planning mainly concerns 
higher-level units, like letters, then the doubling of the number of strokes to be drawn, should 
only have a main effect on initiation time and should not interact with stimulus complexity. The 
latter paradigm was used rather than a simple RT control condition. Although comparisons 
between choice RT and simple RT could have accommodated for perceptual time differences 
between the categories, it is likely, that also (part of) the programming is done in advance of 
the go-signal in simple RT conditions. Consequently, a simple RT condition would have made 
it difficult to establish if differences between the categories are mainly based on differences in 
perceptual or in programming processes. By keeping perceptual processing and task paradigm 
constant, differences between the single and double drawing style could most likely be 
attributed to programming processes. 
In addition to the study of these long-tenn practice effects, short-term effects of practice 
were also investigated in the present experiment Sternberg et al. (1978) were among the first 
to notice that the increase in initiation time with sequence length diminished over blocks of 
trials. In experiments on handwriting (Hulstijn & Van Galen, 1983) this decrease was even 
stronger, from an initial 12.1 msec, per letter to a final 1.5 msec, per letter. But in these 
experiments extensive training was given before initiation times were measured. In the present 
experiment initiation times were measured from the very first presentations of the stimuli, so 
that the time course of short-term practice could be followed in greater detail. In particular, 
and, more importantly, it could be observed whether practice effects for motorically 
unpracticed figures and patterns were larger than for motorically overleamed letters. 
METHOD 
SUBJECTS 
Ten students, five women and five men, from the University of Nijmegen served as subjects. 
They ranged in age from 19 to 26 years, with a mean of 22 years. All were right-handed. Six 
subjects were psychology students who participated in order to receive credit in the context of 
course requirements, the other four subjects were paid. None of the subjects had prior 
knowledge of the topic of investigation. One subject had been replaced, because of reasons 
discussed later. 
MATERIAL 
The copying task consisted of 48 stimuli, divided into three categories: letters, familiar figures, 
and unfamiliar patterns (see Figure 1). The 16 stimuli in each category were divided in 4 sets, 
consisting of stimuli of either four, six, eight, or ten strokes. During the construction of the 
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stimuli care was taken that in each set of four, the stimuli were similar on a number of aspects. 
The first aspect is the direction of the first stroke, which differed within a set of 4 stimuli in 
order to exclude the possibility that subjects programmed the first stroke in advance. Because 
research by Van Sommers (1984) and Meulenbroek and Van Galen (1988), showed that 
subjects display a preference to initiate drawings with motorically easy and simple stroke 
directions, and because an increase in initiation time when motorically more difficult stroke 
directions had to be started with was expected each set of stimuli within a category contained 
the same four different initial stroke directions (see Figure 1). In this way, differences in 
initiation times between categories could not be caused by differences in motor complexity 
concerning the direction of the first stroke. Although all the stimuli had a kind of regularity, an 
attempt was also made to have the same number of symmetrical and asymmetrical stimuli, and 
open and closed stimuli in each category. A study of Attneave in 1955 showed that 
symmetrical stimuli were memorized and reproduced more easily than asymmetrical ones. 
Granovskaya, Bereznaya and Grigorieva (1987) found that open stimuli were rated more 
complex than closed stimuli when both consisted of the same number of elements. Another 
aspect that was kept invariant within categories was the number of pen lift movements, defined 
as movements above the drawing surface before a next stroke on the surface could be drawn 
(see Figure 1 for total number of pen lifts per stimulus). The letter N can be written without 
pen lifts by starting at the bottom of the left stroke, then going upwards, making a diagonal to 
the bottom of the right stroke and going upwards again. In this case the pen is not lifted from 
the paper. However, most people start the N at the top of the left stroke, then go downwards, 
lift the pen and start again at the top of the left stroke to make the diagonal and finish the letter 
as described above. Some people lift their pen even twice by starting each stroke at the top. 
For determination of the number of pen lifts, see explanation below. 
A group of 20 subjects, different from the group used in the experiment, were asked to 
categorize 50 stimuli (no letters were included) on familiarity. Following this familiarity 
classification task, each subject copied the 50 stimuli. For each stimulus the order and 
direction of all strokes was recorded. Subsequently, the direction of the first stroke and the 
number of pen lifts was determined. A stimulus was selected for the category familiar figure or 
unfamiliar patterns when 75% or more of the subjects classified the stimulus as such. The 
same criterion was used for the direction of the initial stroke and the number of pen lifts. Out 
of the remaining stimuli a selection was made, so that within each set of either four, six, eight 
or ten strokes, each category consisted of stimuli with the same direction of the initial stroke 
Figure 1. The 48 stimuli used in the experiment. Only the stimulus was presented to the subject. 
The digit in the left upmost corner of each box represents the number of strokes, the digit 
to the right top of each stimulus represents the number of pen lift movements. The arrows 
in the upper line of each box indicate the direction of the first stroke of each stimulus. 
(Note that in the eight-stroke box two vertical initial directions are used). 
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and the same number of pen lifts. Thirty two figures and patterns were selected for the 
experiment The same procedure, concerning initial stroke and number of pen lifts, was used 
in selecting 16 letter combinations. The letter combinations in the four and six-stroke sets 
consisted of two letters, three letters were used in the eight and ten-stroke sets. The letters 
were presented visually and had to be written as print capitals. All letters, figures and patterns 
were composed of straight lines. Twelve stimuli, that differed from the 48 mentioned above, 
four letters, four figures and four patterns consisting of four, six, eight and ten strokes, were 
used in the training sessions. 
APPARATUS 
The stimuli were presented on a black and white Aristona monitor, type 31T5121/13S, which 
was connected to an Apple Пе microcomputer. The monitor was placed at a distance of 70 cm 
in front of the subject Part of the screen was covered by black paper, leaving a window of 14 
by 18 cm. The stimuli were presented in the center of the window in an area of 6 (height) by 
10 (width) cm. The screen was partly covered to prevent the subjects from seeing the initiation 
time and the drawing track, which were presented at the bottom and left part of the screen, 
only as a check for the experimenter. The subjects copied the stimuli on a piece of paper placed 
upon a Calcomp 2300 digitizer. Copying was done with a specially designed pen, which made 
it possible to record pen pressure (see Maarse, Janssen & Dexel, 1988 for details). The 
stimulus disappeared from the screen when the subject initiated the drawing, and a pen 
pressure of 24 grams was exceeded. The pen differed only from an ordinary ballpoint pen, in 
that it was connected to the computer, i.e., by means of a wire. The X- and Y-coordinates and 
the pen pressure were recorded with a frequency of 100 Hz, and a precision of 0.1 mm and 2 
grams, respectively. 
TASK 
Although we refer to the task as a copying task, one has to keep in mind that the present task 
differs from a conventional copying task in which the model that has to be copied remains 
present during task execution. In the present study, the model disappeared immediately after 
the subject initiated the drawing. Subjects were instructed to copy the stimuli presented on the 
monitor as quickly and accurately as possible. They had to draw articulated angles, avoiding 
angle-rounding. The letters had to be recognized clearly as print capitals. They were asked to 
draw figures, patterns and letters in the same size. 
A total of seven blocks of 48 trials each were presented. Each trial consisted of one figure, 
pattern or letter combination. Drawing had to be done under two different drawing styles. The 
first style was the normal drawing, in which each line was made once (single drawing style). 
In the second style, each line had to be drawn twice (double drawing style). Subjects were 
instructed to double each straight line immediately, so each line had to be drawn twice before 
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the next line was drawn. The drawing of the second, double line had to be done in the same 
direction as the first line, back and forth drawmg was not allowed. The same stimuli were 
used and again speed, accuracy and the writing and drawing of articulated angles was 
stressed. 
PROCEDURE 
The experiment was conducted on two days with an interval of 3 -7 days between the first and 
second day, and took one hour on both days. On the first day a training session and 3 single 
drawing style blocks were presented, on the second day two single and two double drawing 
style blocks. During the experiment all 48 stimuli were presented seven times. The order of the 
presentation of the blocks on the second day was counterbalanced across subjects according to 
an ABBA and BAAB design. Within each block the order of the 48 stimuli was incompletely 
randomized: groups of 12 stimuli (three categories times four number of strokes) were 
presented in a random ordet 
On the first day, subjects were given a set of written instructions concerning the 
experimental task, followed by a training session in which the 12 training stimuli were 
presented. During this session, the subject could get familiar with the task requirements. 
Training was given until no errors were made in five successive trials. The same procedure 
was used at the beginning of the second day. On this day, a training session was also included 
before a change in drawing style was required. Again, this training ended when five trials 
were performed without errors. 
Each trial began with the presentation of a low-frequency auditory warning signal of 500 
msec., followed by a time interval of 500 msec, after which a high-frequency warning signal 
of 250 msec, was presented. Subsequent to the latter signal, one of the stimuli was presented 
on the screen. The pen movements were sampled during the next interval with a maximum of 
30 sec. When the subject had finished the drawing, the experimenter stopped the sampling and 
during a 1-sec. period, the initiation time and the drawing track were presented on the screen, 
only visible to the experimenten The intertrial interval was approximately 5 sec. Feedback of 
initiation time was only given during the training session to prompt the subject to react quickly. 
Initiation time was defined as the time interval between the presentation of the stimulus and the 
moment the pen was put on the paper and a pen pressure of 24 grams was exceeded. Only if 
the latter condition was met, the stimulus disappeared from the screen. 
The stimulus had to be copied on a strip of paper with a length of 2 meter and a width of 
3.5 cm. At the top of the writing tablet and in its center, a square window of 2 by 2 cm was 
marked with thick black lines. This window was visible through the paper. The subject was 
asked to write and draw the stimulus within this window. The widths of the paper and 
window were used to force the subject to draw figures, patterns and letters at the same size. 
Since all letters were presented as print capitals, their drawing size was similar to normal 
82 Chapters 
writing size. After finishing a stimulus, the subject moved the paper to the left, so that a blank 
piece of paper was laying over the window. 
RESULTS 
Initiation times of 3360 (10 * 48 * 7) trials were measured. The initiation times of 8 trials, 
which were not measured properly because of technical problems, were replaced by the mean 
of the set One subject had been replaced, because her initiation times were affected by the 
strategy she applied and, therefore, could not be used. Instead of starting to draw immediately 
after putting the pen on the paper, she adopted in the later blocks a strategy which consisted of 
putting the pen on the paper shortly after the stimulus appeared on the screen and subsequently 
waiting a while before beginning to draw. It is likely that she started, or at least continued, the 
planning of the task during this interval. All data records were then checked for such effects 
and it was found that all the other subjects started their drawing immediately after putting the 
pen on the paper. After having replaced the data of the anomalous subject, no initiation times 
needed to be omitted. An analysis of variance (ANOVA) showed no significant effects of 
initial stroke direction on initiation time, therefore the analyses described below are based on 
the mean of each set of four stimuli, which gives a total of 840 (10 * 12*7) initiation times. 
EFFECT OF SHORT TERM AND LONG TERM PRACTICE 
The mean initiation time over the five blocks in which a normal drawing style had to be used, 
is presented in Figure 2. Note that the decrease in initiation time due to practice within the 
experiment was highest for the figures and patterns in the first three blocks. Initiation time 
decreased linearly with block number for all figure categories. Linearity was significant at a 
0.01 level, r2 (square of the Pearson product-moment correlation coefficient) was between 
0.929 and 0.966. Deviations from linearity were not statistically significant. 
A three-way ANOVA was performed for initiation time as a repeated measurement, with 
the factors Block (5), Number of strokes (4) and Category (3). All main effects as well as the 
interactions were significant at a 0.01 level, as can be seen in Table 1. The increase in initiation 
time with number of strokes, based on simple regression analysis, was linear for each 
category in all blocks. Linearity was significant with a p<0.05, r2 ranged between 0.625 and 
0.992. Again, deviations from linearity were not statistically significant. 
The slopes for each category and block are given in Table 2 in msec, per stroke. The table 
clearly shows the strong decrease over blocks for each category, with the strongest decrease 
for the figures and patterns. A two-way ANOVA performed for slopes, with factors Block (5) 
and Category (3), shows a significant interaction and main effects (p<0.01). 
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Figure 2. Effects of practice over S single drawing style blocks on initiation time for each category, 
as a function of number of strokes. 
Table 1. 
Results of analysis of variance on initiation time over 5 single drawing blocks. 
Source 
Block 
Number of strokes 
Category 
Block * Number of strokes 
Block * Category 
Number of strokes * Category 
Block * Number of strokes * Category 
Df 
4.36 
3,27 
2,18 
12,108 
8.72 
6,54 
24,216 
F 
20.140 
8.631 
7.674 
6.233 
4.588 
5.800 
2.896 
Ρ 
.0001 
.0004 
.0039 
.0001 
.0001 
.0001 
.0001 
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Table 2. 
The slopes (in ms per stroke) for the five blocks (in the single drawing 
style) and three categories, as a Junction of number of strokes. 
Block 1 
Block 2 
ВІоскЗ 
Block 4 
Blocks 
Letters 
41 
28 
23 
19 
15 
Figures 
159 
108 
95 
31 
31 
Patterns 
202 
156 
96 
36 
25 
EFFECT OF DRAWING STYLE 
Figure 3 shows the effect of drawing style for number of strokes for each category. The lines 
are best-fitting linear functions, and again linearity was significant at a 0.05 level, r2 ranged 
between 0.782 and 0.996. To simplify Figure 3, the factor blocks is not included, because no 
significant interactions with block were found (except for the interaction with number of 
strokes). Figure 3 clearly shows that for letters no difference in slope was found for the two 
drawing styles (17 and 20). An ANOVA for differences on slopes confirmed this finding 
(F(l,9)=0.19, p=0.668). 
Although for figures the slope in the double drawing style (49) seems higher than in the 
single drawing style (31), this increase is not significant (F(l,9)=4.34, p=0.052). On the 
other hand, the increase found for patterns is highly significant (F(l,9)=17.85, ρ < 0.001). A 
four-way ANOVA was performed for initiation time as a repeated measurement with the 
factors Drawing Style (2), Block (2), Number of strokes (4), and Category (3). Table 3 
shows the results of this analysis. Only the factors and interactions with a p<0.10 are given. 
Note that the highest order interaction. Drawing style. Number of strokes and Category, is 
significant. 
For each subject, linear regressions of initiation time on number of strokes were calculated 
for Drawing Style (2), Block (2) and Category (3). A three-way ANOVA was performed for 
slope as a repeated measurement. Of the main effects, only Category reached significance 
(F(2,18)=4.76; p<0.05). Again a significant interaction was found between Drawing Style 
and Category (F(2,18)=3.61; p<0.05). The other interactions were not significant. 
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Figure 3. Mean initiation time for each category for single and double drawing style, as a function 
of number of strokes, and best fitted linear functions. Functions for each drawing style 
(DS. 1-single drawing style, DS. 2=double drawing style) are given in the left upmost 
corner of each graph. 
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Table J. 
Results of analysis of variance on initiation time for single and double drawing style. 
Source 
Drawing Style 
Block 
Number of strokes 
Category 
Drawing Style * Number of strokes 
Block * Number of strokes 
Block * Category 
Number of Strokes * Category 
Drawing Style * Number of Strokes * Category 
Df 
1.9 
1,9 
3,27 
2,18 
3,27 
3,27 
2,18 
6.54 
6,54 
F 
8.608 
13.703 
8.318 
14.511 
2.679 
3.242 
3.370 
4.527 
2.563 
Ρ 
.0166 
.0049 
.0004 
.0002 
.0670 
.0375 
.0571 
.0009 
.0294 
ERRORS 
All 10 * 48 * 7 = 3360 copies were scored for eirors. An error was assigned when one of the 
following deviations were observed: rotation of the pattern; distortion in proportion or in 
relation; segmentation of parts of the pattern; fragmentation and alignment; omission or 
addition of strokes; two-dimensionality instead of three-dimensionality; wrong letter(s). No 
error was assigned for tremulous line quality or minor errors of proportion and accuracy. 
None of the copied stimuli were distorted in such a way that the stimulus could not be 
recognized or that no resemblance with the original pattern was found. 
In 7.5% of all the copies an error was made, ranging from 11.9% in the first block to 
6.3% in the last block. The percentage of errors over the 7 blocks is presented in Figure 4. 
The filled dots show the total percentage of errors for all three categories over the seven 
blocks, the open dots show the percentage of errors on trials that also occurred on the same 
trial in the preceding block. In 85% of the cases the same sort of error was made. The dotted 
and striped lines show the percentage of eirors for the three categories. The errors were scored 
for the seven blocks in the order of the presentation of the blocks, this because no differences 
in number of errors were found in block 4 to 7 for the two drawing styles (61 errors were 
made in the single drawing style and 61 errors in the double drawing style). No errors were 
made during these blocks regarding drawing style. As can be seen in Figure 4, the percentage 
of eirors remains practically constant after the third block. 
A three-way ANOVA, performed on errors with Block (7), Number of strokes (4) and 
Category (3) as factors, showed a significant decrease in number of errors over the 7 blocks 
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(F(6,54)=7.81, p<0.001). The same significance level was found for the increase in errors 
with increasing number of strokes (F(3,27)=14.03). In the first block for the four, six, eight 
and ten stroke trials an error percentage of 3.3,4.2,15.8 and 24.2 respectively, was found, in 
the final four blocks an average of 0.8, 2.5, 10.0 and 12.1%. Remarkable is that virtually 
equal amount of errors were made for the patterns as for the figures (6.4% and 5.2% in block 
1 for patterns and figures and an average of 3% for both categories during the four blocks on 
day 2). The significant main effect of category (F(2,18)=7.98, p<0.01) is mainly caused by 
the difference between letters on the one hand, and figures and patterns on the other. The 
interactions between Number of strokes and Category, and between Block and Category were 
significant at a 0.01 level (F(6,54)=3.60 and F(12,108)=2.37), the interaction between Block 
and Number of strokes was significant at a 0.05 level (F(18,162)=1.73). Possible influences 
of the errors in the initiation time data will be discussed in the next section. 
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Figure 4. Percentage of errors as a function of practice over all 7 blocks. Since no difference in 
number of errors was found between single and double drawing style, errors are scored 
in the order of presentation of each block. No errors were made regarding drawing style. 
Filled dots show the total percentage of errors added for all three categories, open dots 
show the total percentage of errors that also occurred on the same trial in the preceding 
block. Squares show the total percentage of errors for letters, figures and patterns. 
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DISCUSSION 
In general the results strongly support the hypothesis that both long term practice (novel 
versus overleamed movements) as well as short term practice (successive presentations) have 
large effects on the relation between sequence length and initiation time. 
EFFECT OF SHORT TERM AND LONG TERM PRACTICE 
For each category a linear effect of number of strokes on initiation time was found over all 
seven blocks. For letters this effect of sequence length was rather small, at least compared to 
the effects found for figures and patterns. 
The effect of short term practice was very strong. Over the five blocks a large decrease in 
initiation time (or rather, in the intercept) together with a strong decrease in slope was found. 
For initiation time and slopes this short term practice effect was much larger for figures and 
patterns than for letters. In addition to short term practice effects, the effects of long term 
practice were pronounced. Large differences in slopes were found between letters on the one 
hand and figures and patterns on the other hand. Slopes were much higher for the motorically 
hardly practiced figures and patterns as compared to the motorically overleamed letters. 
However this effect strongly decreased with short term practice and was no longer significant 
in the last two blocks. The difference in slopes between letters and figures/patterns, suggests a 
difference in motor planning, but note that perceptual processes might be reflected in the 
initiation time as well and that the results can also be explained by differences in perceptual 
processing. It is likely, that in the beginning more time was needed to perceive a more or less 
complex figure or pattern than two or three different letters. 
EFFECT OF DRAWING STYLE 
To disentangle perceptual and motor effects of sequence length on initiation time, the double 
drawing style was introduced to influence the motor planning. If motor planning 
predominantly occurred at a single stroke level, the doubling of the number of strokes should 
have doubled or at least strongly affected the increase in initiation time with stimulus 
complexity. If motor planning mainly concerned higher level units, like combinations of 
strokes, p.e. letters or parts of figures, then the doubling of the number of strokes to be 
drawn, should only have had an effect on average initiation time and not on slope. Higher 
slopes were found in the double drawing style, compared to the single drawing style, only for 
the figures and patterns, a finding that was highly significant for the patterns (F(1,9)=17.8S, 
p<0.001). For letters almost no increase in slope was found in the double drawing style, only 
an increase in intercept of about 100 msec. These results resemble those obtained by Portier 
(1987), and Hulstijn and Van Galen (1988: experiment S), who also found a constant increase 
in initiation time irrespective of number of strokes in their spaced condition, where the letter 
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strokes had to be drawn apart with a clear space between the strokes. It is probably the 
planning of this extra feature (drawing double lines or spacing) which required the extra time 
for these motorically well practiced movements. 
The different results for letters, figures and patterns suggest that they are planned at 
different levels. Is it possible that the letters are prepared as whole letter units? Partial answer 
to this question can be found by comparing 4- and 6-stroke letter combinations (both 
consisting of two letters), and 8- and 10-stroke letter combinations (both consisting of three 
letters). Differences of 44 msec, between 4- and 6-, and of 22 msec, between the 8- and 10-
stroke letter combinations were found. However, the time to initiate the writing of the three-
letter combinations was almost 100 msec, longer than the initiation of the two-letter 
combinations. The programming of an extra letter took much longer than the programming of 
extra strokes. Additionally, before concluding that letters are planned at stroke level it must be 
pointed that the difference between 4- and 6-, and 8- and 10-stroke letters might have been 
caused by perceptual processes. Inspection of Figure 1 shows that for the 16 two- and three-
letter combinations, involving a total of 40 letters, only 11 different letters were used, since 
only non-curved letters could be used. This might have made recognition more difficult. At 
this point it is interesting to see how figures and patterns are recognized. If we look at the 
errors it is seen that already after three blocks the number of errors is low and more or less 
constant suggesting that the subjects know the stimuli, patterns as well as figures, after about 
three presentations. Convincing evidence that subjects "knew" the stimulus is the finding that 
they persevered in their errors. The major part of the errors made during the last four blocks 
was also made on the preceding trial. This suggests that after three blocks the stimuli are 
recognized rather than totally scanned. 
In a reaction-time experiment such as reported in this study, effects of sequence length on 
movement planning can actually only be studied for those trials in which all strokes were 
planned and drawn. Since it is possible that more or fewer strokes were planned in the trials in 
which strokes were omitted or added, a control analysis was performed in which the initiation 
times of these trials were excluded. This analysis did not reveal any changes in the results, 
probably because of the low percentage of trials with the above mentioned errors (less than 
0.09%). 
The aim of this study was to investigate whether sequence length has a larger effect on 
initiation time for rather unpracticed novel movement sequences compared to highly 
overleamed (automatized) sequences. The results suggest that there is indeed a different effect 
on initiation time. Although we suggested that planning is mainly done at one level, which is 
different for letters compared to figures and patterns, it is however possible that more 
processes are involved at the same time.The planning of writing movements is possibly carried 
out at several levels. Van Galen (1990; 1991) suggests the following levels: an intentional 
level, a semantic, a syntactic, a graphemic, an allographic, a parametrization and a muscle 
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level. For drawing, compared to writing, these levels may be different. Van Sommers (1989) 
describes the following processes involved in drawing and copying: encoding of the stimulus; 
storage of features and global information of the stimulus in a temporary episodic memory, if 
possible backed up by naming; search in long term visual memory to invoke visual 
representations and in long term verbal memory to invoke names; and drawing production, 
divided in five compartments, according to Van Sommers. The first compartment deals with 
depiction decisions and processes (decisions which are redundant in copying a design), the 
second with graphic segmentation (chunking), the third one with routine and contingent 
planning, the fourth one with the artículatory and economic constraints and the last 
compartment deals with the programming and execution of hand movements. Not mentioned 
by Van Sommers, who did not study the repeated copying of the same stimulus, are memory 
processes, needed to store the learned stroke order. Possibly a visuo-spatial sketchpad is used 
for temporary storage of the stimulus (Baddeley, 1986). 
At this point we would like to describe our views on motor planning and programming in 
slightly more detail than was done above. Before a movement sequence can be executed, one 
or more motor programs for the particular sequence have to be retrieved from long term motor 
memory, so that they can be stored in a short term motor buffer and unpacked at the time of 
execution. Program retrieval and storage are processes involved in motor programming. 
However, in order to perform a movement efficiently, the appropriate programs have to be 
selected and the order in which they have to be determined. This process precedes motor 
programming. We choose to refer to it as motor planning. During this process, a motor plan is 
retrieved or assembled, which involves the sequential, spatial and/or temporal aspects of the 
movement. According to this plan the most appropriate motor programs are retrieved. The 
planning and programming of a movement will require additional time when more movement 
units are involved. The preparation involved in copying a highly practiced letter, handled as 
one unit, e.g., the letter W, will require the retrieval of just one motor plan in which the unit is 
defined, and subsequently only one motor program has to be retrieved and stored. However, 
the initiation time of a never practiced pattern with the same number of strokes as the letter W, 
will be much longer than the time needed to initiate the letter. The former namely requires the 
construction of a motor plan in which four strokes or units have to be defined. Furthermore, 
separate motor programs have to be retrieved and stored for each stroke. Although differences 
in initiation time between overlearned and novel movements might be explained by the 
subprogram retrieval model of Sternberg et al. (1978) and Sternberg, Wright, Knoll & 
Monsell (1980), this model does not account for differences in the planning of overlearned 
and novel movement sequences. Since the results of our study showed that the effect of 
sequence length on initiation time is not consistent, and because no evidence was found for a 
fixed programming unit in our task, it has to be concluded that the Sternberg model, which 
proposes a fixed unit of processing, is not in agreement with the data presented here. 
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Another issue is the amount of planning that is done in advance; is the whole sequence planned 
in advance, are bigger units planned or is only the first stroke selected and planned, while the 
rest of the sequence is planned during the execution of the first stroke? Evidence that only the 
whole sequence is planned in advance for movement sequences that have to be executed at a 
fast rate, comes from a study by Semjen and Garcia-Colera (1986). For slower movements, 
like in handwriting and drawing, it seems that the amount of advance planning depends on the 
type and the constraints of the task (see Van der Plaats & Van Galen, 1990). It is likely that 
with practice not only the contribution of the above mentioned levels is shifting but also the 
amount of advance planning and the extent of the planning unit (Portier, Van Galen & 
Meulenbroek, 1990; Van Mier, Hulstijn & Petersen, in press). 
Although it is difficult to study the contribution of all processes and levels as well as the 
amount of advance planning by studying initiation times only, it can be concluded that practice, 
long term as well as short term, has a great effect on initiation processes and strategies. The 
fact that the introduction of a double drawing style had different effects on the drawing of 
letters, figures and patterns, indicates that caution is needed in the interpretation or application 
of initiation time data from studies with newly, unpracticed sequences, to the planning of 
practiced, automatized movement sequences. 
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ABSTRACT 
One of the clinical features in many disorders is a retardation of psychomotor activities. 
Important questions are whether this retardation is a general phenomenon which is 
similar for otherwise quite different patient populations and whether cognitive or 
motoric factors can be held responsible for this retardation. These questions were 
addressed by testing closed head injury and depressive patients on two figure drawing 
tasks. These patient groups both display motor retardation in the absence of specific 
motor disorders, but are very different from each other concerning their neurological 
and psychiatric etiology. In each task, figures were presented on a monitor that had to 
be copied as fast as possible. Two cognitive variables were manipulated: figure 
complexity and, in the second task, also the familiarity of the figures that had to be 
drawn. Recording of pentip displacements by means of a digitizer (XY-tablet) allowed 
the objective measurement of initiation time and a number of movement parameters. 
Movement time was divided into the time that the pen was on the paper and the time that 
the pen was above the paper. It was assumed that the former measure mainly reflected 
motoric demands and that the latter was так susceptible to cognitive variables. 
The performance of forty subjects, ten closed head injury patients and ten 
depressive patients, each group matched by a control group of ten subjects, was 
investigated. The two patients groups were clearly delayed in their fine motor activity. 
Differences between patients and controls were mainly found for initiation times and for 
the time spent above the drawing surface, but not for the duration of the movements on 
the paper surface. The effect of the cognitive variables on initiation time was also 
stronger in the patient groups. Both findings suggest that in the patients predominantly 
cognitive processing was delayed, rather than motor execution. The two patient groups, 
* Submitted 
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moreover, showed a dissimilar pattern of results. The different effects of complexity 
and familiarity on latencies and copying errors suggested that a dysfunction in memory, 
is responsible for the psychomotor retardation of closed head injury patients, whereas a 
lack of effort is responsible for the retaidation in depressive patients. Although both 
groups shared a slowness in psychomotor behavior, different processes were found 
responsible for the slowness in each group. 
INTRODUCTION 
A general slowness in motor and mental processes is a characteristic feature in a variety of 
behavioral phenomena and disorders. This lack of speed in performing motor and cognitive 
tasks is often referred to as 'psychomotor retardation'. It has been observed after aging, 
pharmaceutical intoxication, systemic illness, affective disorder, movement disorders, frontal 
lobe damage, akinetic mutism/catatonia and subcortical dementia (see Benson, 1990, for an 
extensive review). Psychomotor retardation has been described in terms of a lack of initiating 
new activities; long latencies of verbal and motor responses; effortless, slow response 
execution; slow thinking; and slow speaking. 
Since psychomotor retardation is a clinical feature of so many disorders and used as one of 
the criteria in the diagnosis of major depression, the need for more objective and quantitative 
procedures for its measurement has been acknowledged (Greden & Carroll, 1981; Heretik, 
1988; Widlöcher, 1983a). Measuring the intensity of retardation is mostly performed by 
means of rating scales (lüce Widlöcher's Psychomotor Retardation Scale; Widlöcher, 1983b). 
The scores on these scales, however, are highly dependent on the expertise of the observer. 
Furthermore, the processes that may underlie the diagnosed retardation are less open for 
observation. Motor behavior, in general, is influenced by a number of cognitive processes, 
varying from perceptual, memory, attenüonal or linguistic processes, to the planning of the 
sequences of the movement. Together with the more direct motoric aspects of movements, like 
the low or inefficient employment of muscle forces, lack of coordination between movements, 
insufficient muscle power or inefficient movement strategies, these processes or factors may 
all contribute to a delayed motor performance (Schmidt, 1988). The measurement of 
psychomotor retardation therefore not only needs to be more objective than what can be 
achieved with observation scales, it should also allow for the detailed study of the cognitive or 
motoric processes that may be at its core. 
In view of the diversity of the disorders in which it is observed and considering the 
number of possible cognitive and motoric processes, as well as the large variety of 
observational categories associated with psychomotor retardation, it might be questioned if 
psychomotor retaidation is a unique and unidimensional phenomenon. What may appear as 
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general motor retardation after gross observation may, on closer inspection, consist of 
different combinations of symptoms in the various patient groups listed by Benson (1990). 
Detailed study might even reveal different causes for the same pattern of symptoms in different 
patient groups. If the latter is true, differences are certainly expected between neurological and 
psychiatric patients, because of the very different etiology underlying these disorders. 
Therefore, in the present study this question is addressed by comparing neurological and 
psychiatric patients, i.e. closed head injury patients and patients with a major depressive 
episode. These groups were chosen because of the importance of motor retardation as a 
clinical phenomenon in these groups (Prigatano & Fordyce, 1986; Weingarter & Silberman, 
1984) and because of the absence of specific motor disorders which might be a more direct 
explanation for their retarded motor performance. Furthermore, concerning psychiatric 
disorders, depression is the only disorder in which the retardation is used as a diagnostic 
criteria, while closed head injury is one of the few neurological disorders in which no specific 
motor dysfunction is apparent 
One of the main issues in the study of motor retardation is whether its phenomena have a 
more cognitive or a more motoric origin. Is the slowness of the observed motor performance 
more due to a slowness in the, at times very elaborate, information processing that is needed 
for the task, like in speech? Or are the causes of motor retardation to be sought in factors 
related to movement execution, like muscle force or energy, poor coordination or insufficient 
motor control? Several studies have been reported in which attempts were made to investigate 
the motoric and cognitive determinants of psychomotor retardation (Baribeau-Braun & 
Lesevre, 1983; Brand, Van de Wijk & Hijman, 1990; Braun, Daugneault & Champagne, 
1989; Cornell, Suarez & Berent, 1984; Ghozlan & Widlöcher, 1989; Knott & Lapierre, 1987; 
Miller, 1970; Rogers, Lees, Smith, Trimble & Stem, 1987; Van Zomeren, Brouwer & 
Deelman, 1984). These studies have shown that depressive and closed head injury patients 
had longer reaction times than control subjects. In some of the studies just mentioned, simple 
and choice reaction time tasks were compared to find out whether decisional or motor 
processes were delayed. Sternberg's (1969) Additive Factor Methodology was also used for 
this purpose. The conclusions of the researchers, however, were not equivocal with respect to 
which component, cognitive or motor, was more affected. Even when longer movement times 
were found, it still was not clear whether this was due to a delay in programming and/or 
planning of movements, or to problems in the execution of movements. 
The latter was investigated in the present study by using drawing tasks. Subjects had to 
copy or draw a pattern, that was displayed on a screen, as fast as possible in a reaction time 
type of paradigm. Drawing movements were recorded with the help of a digitizer and a 
computer This allowed for the measurement of a number of movement variables. In addition 
to reaction time, which is also called initiation or decision time, the focus was also on the time 
that subjects needed to copy simple and complex stimulus patterns. Since the patients were 
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known to perform tasks slowly, a differentiation was made between the time that the pen was 
on the paper, the time that the pen was above the paper, and the time needed for stimulus 
reinspection (if the subjects wanted, they were allowed to reinspect the stimulus pattern they 
were copying). Drawing is a complex motor task involving perception, memory, planning, 
spatial coordination and fine motor aspects, processes which are also involved in almost all 
daily life motor behavior. It is therefore an ecological valid task, not a laboratory task that 
needs special motivation, training, or attention. Figure copying tasks are found to be sensitive 
to reveal disturbances in information processes (Van Mier, Hulstijti & Meulenbroek, 
submitted). Because of this, drawing and figure copying are frequently used to measure 
psychomotor activity in neuropsychological research and in other clinical settings (Lezak, 
1983). Moreover, a drawing task can be easily manipulated on several cognitive as well as 
motoric dimensions. 
1\vo cognitive variables were manipulated in the present study: the complexity of the 
patterns that had to be drawn and the familiarity of the patterns. Complexity was manipulated 
by varying the number of strokes of the stimuli. In most reaction time studies involving 
memory and visual tasks no interaction was found between depressive (DEP) and control 
subjects, as well as between closed head injury patients (CHI) and control subjects for 
complexity (Braun et al., 1989; Hart & Kwentus, 1987; Levin, High, Goldstein & Williams, 
1988; Stokx & Gaillard, 1986). However, these studies involved rather simple tasks, in 
which, moreover, no movement variables were measured. Complexity, in the present study, 
was varied over two ranges, from one- or two-stroke figures to four stroke-figures in the first 
figure copying task, and, over a wider range (from four to ten strokes), in the second copying 
task. Familiarity was varied (in the second task) by using three types of stimuli. Familiar 
stimuli consisted of letters, unfamiliar stimuli consisted of perceptually and motorically novel, 
unpracticed patterns. To ensure that initiation time differences between letters and patterns 
were not mainly caused by differences in perception, a third category was included. This 
category consisted of figures which were perceptually familiar but motorically unfamiliar. It is 
supposed that the planning of motorically unfamiliar or complex patterns will require more 
effort than the planning of well known letters or very simple figures. Earlier research has 
shown that both depressive patients (Roy-Byme, Weingarter, Bierer, Thompson & Post, 
1986) and closed head injury patients (Levin, Goldstein, High & Williams, 1988) can be 
differentiated from control subjects, in particular on their performance on effort demanding 
non-automatic tasks. 
Earlier descriptions of parts of this research had already made clear that there are large 
differences between closed head injury patients and controls (Tromp & Mulder, 1991) and 
between depressive patients and their controls (Van Hoof, Hulstijn, Van Mier & Pagen, 
submitted) on several dependent measures in a copying task. It is the purpose of the present 
study to answer the two questions that have been raised earlier in this introduction. The first 
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question asks whether motor retardation is similar, in symptoms or in underlying processes, 
for otherwise quite dissimilar patient groups. To this end the two patient groups will be 
compared, on the same tasks, in initiation time and on the movement variables listed earlier. 
The second question concerns the cognitive origins of motor retardation. This question will be 
investigated by using two approaches. First, it will be tested whether the effect of the two 
cognitive variables, complexity and familiarity, on initiation time is larger for the patient 
groups. The second approach is to follow the line of earlier reaction time studies in which a 
division was made between motor time and premotor time. In the present study it was 
assumed that the motoric aspects will be reflected more in the duration of the actual drawing 
movements on the paper, while cognitive processes will mainly delay the initiation time and 
the time that the pen is above the paper. Studies by Klapp and Wyatt (1976) and Van der Plaats 
and Van Galen (1990) have shown evidence that the duration of movements between taps and 
of movements between letters and words performed above the paper was influenced by the 
complexity of the movement Furthermore, it was expected that also the need to reinspect the 
stimulus would be affected by cognitive processing. 
METHOD 
SUBJECTS 
Forty subjects, ten closed head injury (СШ) patients, ten depressive (DEP) patients and two 
control groups of ten subjects each, participated in the study. The control subjects were 
matched for age, sex and education level. 
Closed head injury paneras 
The CHI-patients had all been admitted to the Rehabilitation Center of the Sint Maartens 
Kliniek in Nijmegen, but had been discharged at the time of the study. Eight male and two 
female patients between 14 and 49 years old (mean age 24.9 years) were tested. All patients 
had undergone neuropsychological testing, in which the results revealed deterioration of 
cognitive functions, varying from memory and attention deficits to severe intellectual decline. 
The duration of coma was between 10 minutes and 35 days, with a mean of 14 days. The 
average time between head injury and testing was 30 months, with a range of 8 to 60 months. 
The patients had sustained a closed head injury because of traffic accidents (eight subjects) or 
falls (two subjects). Five subjects had resumed study or work, but on a lower level or part-
time. All patients got a structured interview, based on the questionnaire described by Saan, 
Van Zomeren and Deelman (1986), to acquire knowledge about their present-day functioning. 
Control subjects were matched for sex, education and age. Their age was between 14 and 49 
years with a mean of 25.5 years. None of the control subjects had a previous history of 
neurological disease. 
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Depressive patients 
AU DEP-patients were hospitalized at the time of the study at the Department of Psychiatry of 
the University Hospital of Nijmegen. The group consisted of eight female and two male 
subjects, aged between 27 and 71 with an average of 54.9 years. AU patients had a diagnosis 
of Major Depressive Episode according to DSM-Ш criteria (1987). All patients but one 
received conventional medication. Patients were rated with the Hamilton rating scale and 
scores between 13 and 33 were noted, with a mean score of 23 (Hamilton, 1960). Control 
subjects were matched for sex, education and age. Their age was between 27 and 70 years 
with a mean of 54.8 years. None of the control subjects had a previous history of psychiatric 
illness. 
MATERIAL 
Two figure copying tasks were used in the study. Task 1 consisted of six simple line stimuli, 
Task 2 of 24 complex stimuli, which are both displayed in Figure 1. The stimuli of Task 1 
differed in number of strokes (stimuli 1,2,3 and 4) and motor complexity (stimulus 1 versus 
2, 3 versus 4, and 5 versus 6). The 24 stimuü of Task 2 were divided into three categories: 
letters, (familiar) figures and (novel, nonsense) patterns. Each category was divided in four 
sets, consisting of stimuli of either four, six, eight or ten strokes. There were two stimuli in 
each set. AU stimuli of Task 2 were composed of straight lines, no curved lines were used. 
The 24 stimuli are a sample of a larger set of stimuli, developed and described by Van Mier 
and Hulstijn (accepted). Apart from the stimuli mentioned above, four simple and 12 more 
complex stimuli were used as practice for Task 1 and 2. The complex practice stimuli, four 
letters, four figures and four patterns, consisted of four, six, eight and ten strokes. 
TASK AND PROCEDURE 
Subjects were seated in a quiet room, either at the Rehabilitation Center of the Sint Maartens 
Kliniek or at the Psychiatry Department. Each subject started with Task 1. Each stimulus in 
Task 1 was repeated six times, presentation, however, was random. After a pause of five 
minutes. Task 2 was conducted. The 24 stimuli of Task 2 were presented once, also in a 
random order. 
A trial started with a low-frequency auditory warning signal of 500 msec. This signal was 
foUowed 500 msec, later by a high-frequency warning signal of 250 msec., indicating the start 
of the sampling period. Coinciding with the termination of the latter signal, one of the stimuli 
was presented on the screen and the sampling of the drawing movements was started. During 
the sampling period (having a maximum duration of 30 sec), the pen movements were 
recorded at a rate of 100 Hz and a spatial accuracy of 0.1 mm. Recording was stopped by the 
experimenter, as soon as the subject had copied the stimulus. Approximately 5 sec. later the 
next stimulus was presented on the screen. As soon as the subject started to draw and the pen 
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pressure exceeded a threshold of 24 grams, the stimulus disappeared from the screen. In Task 
2, there was a possibility to reinspect the stimulus. This could be done by touching with the 
pen a red 2 by 2 cm square on the writing tablet, 20 cm below and 10 cm to the right of the 
drawing area. Subjects were told to use the stimulus reinspection option as little as possible 
and only in case they felt they would make too many errors if they completed the task without 
reinspecting the stimulus. 
Subjects were instructed verbally (1) to copy the stimulus presented on the screen as 
quickly and accurately as possible, (2) to avoid "angle-rounding" and (3) to make all drawings 
at the same size. To achieve the latter, a square window of 2 by 2 cm at the top center of the 
writing tablet was maiked with thick black lines. This window was visible through the strip of 
paper, that was used for the copying. Subjects were asked to make all drawings within this 
window. The strip of paper had a length of 2 meter and a width of 3.5 cm. The latter also 
forced the subjects to draw letters, figures and patterns at comparable sizes. After having 
finished a trial, subjects moved the paper strip to the left, so that a blank piece of paper was 
laying over the window. 
Prior to each task, a practice session was given in which the subject could get accustomed 
to the writing tablet and the procedure. Only during the practice sessions subjects received 
feedback concerning errors and reaction times and, if necessary, were prompted to react 
quicker. All four simple and twelve complex practice stimuli were presented at least once 
during the practice session. Practice was given until the subject complied with the instructions. 
APPARATUS 
The stimuli were presented on an Aristona monitor, type 31T5121/13S, connected to an Apple 
IIGS microcomputer. The distance between monitor and subject was about 70 cm. The 
copying movements had to be performed on a Calcomp 2300 digitizer with a special pen, 
designed in the Nijmegen Department of Experimental Psychology. This pen allowed the 
recording of the pen pressure (axial pen force) with a precision of 2 grams (Maarse, Janssen, 
& Dexel, 1988). The position of the pen on the tablet was recorded with a frequency of 100 
Hz and a precision of 0.1 mm. 
ANALYSES 
For each trial, the data record of the trial consisted of four variables, the X-coordinate of the 
pen position, the Y-coordinate, the pressure of the pen and the presence or absence of the 
stimulus on the screen. Based on these data, the following movement variables were 
measured: initiation time, defined as the time interval between the presentation of the stimulus 
and the moment the pen was put on the paper and the pressure threshold was exceeded; 
movement time, the time interval between the first and last moment that the pressure threshold 
was exceeded. Movement time was divided in the time that the pen was on the paper and the 
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pressure threshold was exceeded (MTdown), the time that the pen was above the paper and the 
pressure was below the threshold (MTup), the time to move the pen from the drawing box to 
the stimulus reinspection box (MTre) and the duration of the stimulus reinspection (DUre). All 
variables were measured with a precision of 10 ms. Finally, the number of reinspections (Nre) 
was determined. 
All drawings were scored for errors. Because of the diversity of errors observed in the 
patient groups in this study, a more sophisticated scoring classification was needed and used 
than in the original task reported by Van Mier and Hulstijn (submitted). Errors were classified 
in two error types, A and B. Whereas an A-type error was assigned to a drawing that more or 
less resembled the actual stimulus, and a B-type error was assigned when the stimulus could 
not be recognized, when no resemblance with the original stimulus was found because of too 
many omissions or additions, or when no copy was made. A-type errors were divided in two 
classes, Al and A2 errors. An Al error was assigned in the following cases: rotation up to 30 
degrees; distortion in proportion or in relation, segmentation of parts of the stimulus, 
fragmentation and alignment, omission and addition (all up to 1/3 of the number of strokes of 
the original stimulus). An Al error was also assigned when corrections were made. An A2 
error was assigned to the following cases: rotation of more than 30 degrees; two-
dimensionality instead of three-dimensionality; wrong letter(s); omission, addition, reversal, 
and distortion in form (all up to 2/3 of the number of strokes of the original stimulus). If a type 
В error was assigned, the data of the stimulus were not included in the analyses. No errors 
were assigned for tremulous line quality or minor errors of proportion and accuracy. 
For both tasks two-way ANOVAs were performed for each variable according to a 
repeated measurement design, with Complexity and Repetition (Task 1), and Complexity and 
Category (Task 2) as within-subject factors. As between factors, Disorder (DEP versus CHI) 
and Group (Patients versus controls) were used. Post-hoc tests were performed as contrast 
analyses with comparisons between means. 
RESULTS 
TASK 1: SIMPLE STIMULI 
Only the results of stimuli 3 to 6 will be described. The copying of stimuli 1 and 2, the simple 
oblique lines, turned out to be very confusing, especially for the depressive patients. Although 
the arrows above these stimuli were only given as an indication of the direction in which the 
lines had to be drawn and subjects were instructed not to copy them, in 13% of the trials the 
DEP-patients copied these arrows too. For CHI-patients and controls the percentage was 
lower than 2. Furthermore, errors were made concerning the desired drawing direction of 
stimulus 2. The DEP-patients did not follow the direction of the arrow in 88% of the trials, the 
other three groups had a percentage of 25 or less. 
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For stimuli 3 to 6, the total percentage of errors was lower than 3% for the CHI-patients and 
both control groups. The DEP-patients made errors on 17% of the trials. None of the patients 
and controls made errors on stimuli 3 and 5. The errors made on stimuli 4 and 6 were 
classified as Al errors, no elements were added or omitted and therefore, all initiation and 
movement times were included in the analysis. Results on initiation time, movement time, 
MTdown and MTup for the simple task are depicted in Figure 2. Table 1 summarizes the F-
and p-values for these variables as well as for errors for significant main and interactive 
effects. Repetition had a significant main effect only for initiation time (F(5,180)=2.61, 
p<0.05), no interaction with patients and control subjects was found. Patients benefited from 
repetition to the same extent as control subjects did. Because no significant repetition effect 
was found for movement times, the results in Table 1 are pooled with respect to repetition. 
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movement time up (MTup) for each group as a function of stimulus complexity. 
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Table 1. 
F- andp-values of ANOVA for initiation time (IT), movement time (MT), movement time down 
(MTdown), movement time up (MTup) and errors. Significant results at <0.05 (*), <0.01 (**), and 
<0.00l (***) level are given. 
IT MT MTdown MTup Errors 
Source Df F-value F-value F-value F-value F-value 
Group 1,36 19.55*** 9.79** 5.47* 6.82* 8.77** 
Complexity 1,36 11.13** 125.16*** 111.21*** 38.58*** 27.32*** 
Complexity * Group 1,36 5.16* 10.46** 6.11* 6.04* 8.77** 
It is shown in Figure 2, that patients were slower than the control subjects on all four 
variables. The ANOVAs revealed a significant main effect between patients and control 
subjects (see Table 1). Figure 2 further shows that with regard to MTdown and MTup, CHI-
patients exhibited a longer MTdown than their control subjects, while DEP-patients exhibited a 
longer MTup. Post-hoc contrast analyses confirmed these impressions; the difference between 
CHI-patients and СШ-controls was significant for MTdown (F(l,36)=5.38, p<0.05), while 
for MTup a significant difference between DEP-patients and DEP-controls was found 
(F(l,36)=5.74, p<0.05). As can be seen in Table 1, the main effect of Complexity was 
significant for all variables, as well as the interaction between Group (patient vs control) and 
Complexity, indicating that differences between patients and controls were larger for the more 
complex stimuli. Post-hoc contrast analyses showed that this interaction was caused by 
differences between CHI-patients and their controls with respect to initiation time, while 
differences between DEP-patients and controls induced a significant interaction for movement 
time, MTdown and MTup. Concerning errors, the significant main effect of Group and the 
interaction of Group and Complexity, as given in Table 1, was caused by the difference 
between DEP-patients and DEP-controls (F(l,36)=16.53, p<0.001, for both main and 
interactive effect). Concerning Task 1, both patient groups only differed significantly from 
each other with respect to errors (for main and interactive effects: F(l,36)=16.53, p<0.001) 
TASK 2: COMPLEX STIMULI 
For Task 2 the following variables were analyzed: initiation time, movement time, MTdown, 
MTup, duration of the stimulus reinspection (DUre), errors, movement time to stimulus 
reinspection box (MTre), and number of reinspections (Nre). Figures 3, 4 and 5 show 
regression lines with respect to the first six variables for all four groups for each category as a 
function of Complexity (number of strokes). Table 2 summarizes the F- and p-values for these 
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variables for significant main and interactive effects. Due to problems with the recoiding of the 
pen movements the data of one depressive patient could not be used in the analysis. Therefore, 
the DEP-patient group consists of 9 subjects. 
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Figure 3. Best fitted linear functions for initiation time for each group and category as a function of 
complexity (number of strokes). Cp = CHI-patients, Cc = CHI-controls, Dp = depressive 
patients, Dc = DEP-controls. 
Table 2. 
F- andp-values of ANOVA for initiation time (IT), movement time (MT), movement time down 
(MTdown), movement time up (MTup), duration of reinspection (DUre) and errors. Significant 
results at <0.10 (#), <0.05 (*), <0.01 (**), and <0.001 (*·*) level are given. 
Source 
Group 
Disorder * Group 
Complexity 
* Group 
Category 
* Group 
* Disorder * Group 
Compi. * Category 
* Group 
Df 
1.35 
1.35 
3.105 
3.105 
2.70 
2.70 
2.70 
6.210 
6.210 
IT 
F-value 
6.84* 
3.67 # 
50.63 *•* 
45.05 *** 
2.39 # 
4.79 *** 
2.34* 
MT 
F-value 
10.81 ** 
176.44 *** 
2.47 # 
131.46*** 
5.77 •* 
25.18*** 
MTdown 
F-value 
_ 
131.24*** 
78.57 *** 
19.70 **• 
1.84 # 
MTup 
F-value 
17.94 *** 
41.04*** 
98.20 *** 
2.33* 
DUre 
F-value 
11.75** 
4.23* 
37.05 ••• 
3.71* 
31.27 *** 
4.48* 
2.50 # 
19.71 ·** 
Errors 
F-value 
19.09 *** 
12.19 ** 
27.83 *•* 
62.75 *** 
8.40 *•* 
4.59* 
7.59 *•* 
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Figure 5. Best fitted linear functions for duration ofreinspection (upper graphs) andpercentage of 
errors (lower graphs) for each group and category as a function of complexity (number of 
strokes). Cp=CHl-panents, Cc=CHl-controls, Dp=DEP-patients, Dc=DEP-controls. 
As can be seen in Figures 3, 4 and 5, also in Task 2 patients were slower and performed 
worse than control subjects. Significant main effects of Group (patient vs control) were found 
for all variables, except MTdown (see Table 2). Therefore, the longer movement time for the 
patients was mainly caused by a longer MTup. Concerning initiation time, post-hoc contrast 
analyses revealed a significant difference between patients and control subjects only in the 
CHI-group (F(l,35)=10.54, p<0.01). The DEP-padents did not differ from their control 
subjects with respect to initiation time, but reinspected the stimuli longer (F(l,35)=14.64, 
p<0.001) and more often (F(l,35)=5.69, p<0.05) than the control subjects. Because of the 
latter, also the time to move the pen to the stimulus reinspection box was longer for the 
patients (F(l,35)=5.6731 p<0.05). With respect to the variables associated with stimulus 
reinspection, no significant differences were found between CHI-patients and their controls. 
Concerning errors, the same pattern was found as in Task 1. Again, patients only differed 
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from controls in the DEP-group (F(l,35)=39.04, p<0.001). Interactions between Disorder 
(DEP vs CHI) and Group (patient vs control) were found for duration of the stimulus 
reinspection and errors, and reached significance (p=0.06) for initiation time. Post-hoc 
contrast analyses showed significant differences between DEP-patients and CHI-patients for 
these variables (F(l,35)=6.60, p<0.05 for initiation time; F( 1,35)=14.32, p<0.001 for 
duration of the stimulus reinspection; and F(l,35)=30.08, p<0.001 for errors). 
Complexity had a highly significant main effect on all variables. The interaction of 
Complexity and Group (patient vs control), which was significant in Task 1 for all variables, 
was in Task 2 only found for the duration of the stimulus reinspection (DUre). As was shown 
by post-hoc contrast analyses, this interaction was caused by the DEP-patients who had longer 
reinspection durations than their controls, a difference that increased when the stimuli were 
more complex (F(3,105)=3.63, p<0.05). The latter was mainly responsible for the almost 
significant interaction of Complexity and Group for movement time. The main effect of 
Category was also highly significant for all variables, as can be seen in Table 2. A significant 
interaction of Category and Group (patient vs control) was found for movement time, duration 
of the stimulus reinspection and errors. Post-hoc contrast analyses revealed that movement 
time significantly differentiated both patient groups from their controls, duration of the 
stimulus reinspection and errors differentiated only DEP-patients from controls. Separate 
analyses per Category showed that when differences between patients and controls were 
found, these differences were mainly significant for the figures and patterns. A second-order 
interaction between Category, Disorder (DEP vs CHI) and Group (patient vs control) was 
found for errors, and reached significance for initiation time and duration of the stimulus 
reinspection. Both patient groups differed from each other with respect to these variables 
(F(l,70)=4.96, p<0.01 for initiation time; F(l,70)=6.88, p<0.01 for duration of stimulus 
reinspection; and F(l,70)=12.67, p<0.001 for errors). 
Apart from an interaction between Complexity and Category for all variables, table 2 also 
shows a significant higher-order interaction of Complexity, Category and Group (patient vs 
control) for initiation time, caused by the difference between CHI-patients and controls, as 
revealed by post-hoc contrast analyses (F(l,210)=2.15, p<0.05). 
Error data in Figure S and Table 2 are based on the average number of errors made. Apart 
from scoring all errors, each error was also classified as either an Al, A2 or B-type error. The 
DEP-patients made significantly more errors than DEP-controls for all error types, with 
p<0.001 for Al- and A2-errors and p<0.05 for the B-errors. A Mann-Whitney non-parametric 
test performed on each error type, showed no difference between DEP-patients and control 
subjects for letters. For Al-errors a significant difference was only found for figures and 
patterns consisting of four and six strokes. For A2-errors this effect was found for figures and 
patterns of eight and ten strokes. 
Figure 6 shows the percentage of errors for each group and error type. It clearly shows 
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that the DEP-patients not only made absolutely more errors than the other groups, but also 
relatively more serious errors (type A2- and B-errors). The DEP-patient group was the only 
one to make B-errors. 
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Figure 6. Percentage cf errors for each group and error type. 
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Figure 7. Total execution time for Task 1 and 2 for all groups and variables. IT=initiation time, 
DUre=duration of reinspection, MTre-time needed to move from drawing box to 
stimulus reinspection box, MTup=movement time up, MTdawn=movement time down-
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Figure 7 combines all time measures that were analyzed. It shows that patients had longer 
execution times than the control subjects. For both tasks, patients had longer initiation times, 
and/or reinspected the stimulus more often and longer. No significant difference between 
patients and controls was found for MTdown in Task 2. In Task 1, only significant differences 
for MTdown were found between CHI-patients and controls. 
DISCUSSION. 
Motor performance and the effects of complexity and familiarity on the performance were 
studied in neurological and psychiatric patients and in matched control subjects. The analyses 
concerned initiation time, movement time, MTup, MTdown, stimulus reinspections and errors 
related to the copying of simple, complex, familiar, and unfamiliar stimuli. It was examined to 
what extent these variables differed between patients and control subjects and between 
depressive patients and closed head injury patients. 
The results show that both patient groups showed clear signs of psychomotor slowness. 
Patients needed more time to perform the tasks than control subjects. No significant difference 
was found between patients and control subjects for MTdown; longer movement times for the 
patients were mainly caused by a longer MTup and longer and more stimulus reinspections. 
Effects of Complexity (number of strokes) and Category (letters, familiar figures, and 
unfamiliar patterns) were more pronounced in the patients than in the control subjects. In 
general it can be stated that the performance speed of patients was more affected by complex 
and/or unfamiliar stimuli than of control subjects. Differences between patients and control 
subjects in number of errors were only found for the DEP-group. The present results suggest 
that in both patient groups inefficiencies in cognitive processes were more likely to be the 
cause for the observed motor slowness than problems in motor execution. 
Our findings with respect to initiation time confirm those of earlier studies reporting longer 
initiation times in depression (Baribeau-Braun & Lesevre, 1983; El Massioui & Lesevre, 
1988; Hart & Kwentus, 1987; Knott & Lapieire, 1987; Martin & Rees, 1966; Rogers et al., 
1987), and closed head injury (Brand et al., 1990; Braun et al., 1989; Dee & Van Allen, 1973; 
Levin et al., 1988b; Miller, 1970; Stokx & Gaillard, 1986; Van Zomeren & Deelman, 1978; 
Van Zomeren et al., 1984). 
The outcome that patients were not significantly slower in MTdown than control subjects, 
but only in MTup is in agreement with the literature on depression concerning speech studies 
suggesting that there is no delay in the motor execution itself (Bouhuys & Mulder-Hajonides 
van der Meulen, 1984; Godfrey & Knight, 1984; Greden & Carroll, 1980; 1981; Hoffmann, 
Gonze & Mendlewicz, 1985; Szabadi, Bradshaw & Benson, 1976). Szabadi and colleagues 
(1976) were the first to quantify speech performance measures in depressive patients and 
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control subjects. They divided total speech time in phonation time (the audible portions of 
speech) and pause time (the silent interval between phonations). No difference in phonation 
time was found between patients and control subjects. Similar results (no difference in 
execution time) are reponed for closed head injury patients by Stokx and GaiUard (1986), who 
showed that patients had the same eye movement execution time as controls, and by Brand and 
co-workers (1990), who found that the movements of closed head injury patients were 
characterized by a fast motor execution. In both studies however differences in processing 
time between patients and controls were found which were comparable with our results 
concerning initiation time and MTup. Miller (1970) too argued that differences in performance 
between patients and controls could not be ascribed to disruptions in motor processes. 
Differences between patient groups were found in the way they performed both tasks. In 
Task 1, depressive as well as closed head injury patients had longer initiation and movement 
times than their control subjects, but no significant differences between patient groups were 
found. Patient groups did not differ significantly on MTdown and MTup. However, 
differences were found in the way patients performed compared to controls. Closed head 
injury patients differed only from their controls in MTdown, depressive patients only in 
MTup. Looking at the stimuli of Task 1, it is seen that they can be drawn without lifting the 
pen. By counting the number of pen lifts, it was found that depressive patients lifted the pen 
almost twice as much as closed head injury patients and controls. Portier, Van Galen, & 
Meulenbroek (1990) and Van Mier, Hulstijn, & Petersen (in press) showed that with practice a 
shift in motor planning is observed, from planning mainly realized during initiation time to its 
realization more and more during the execution of the task. If patients were delayed in 
planning, such a shift would result in longer movement times for both patient groups 
compared to their controls. Since closed head injury patients hardly lifted their pen, the shift 
would be reflected in a longer MTdown. Depressive patients, however, might have planned 
during the pen lifts, resulting in a longer MTup. Contrasts between patient groups on MTup 
and MTdown can be explained by hypothesizing that different strategies were used by the 
patients. 
Patients were not only slower in Task 1 than controls, they also needed significantly more 
time for initiation and execution when the stimuli were more complex. Again, no difference 
between the patient groups was found, although, comparing patients with controls, it was 
found that complexity had an interactive effect in the CHI-group on initiation time, while an 
interactive effect in the DEP-group was found on movement times. This finding also indicates 
that contrasts between patient groups are mainly based on differences in strategies. If cognitive 
processing was delayed in patients compared to controls, it was expected that patients would 
need more time to plan a more complex stimulus, resulting in an increase in initiation time or 
movement time. The first was found for the closed head injury patients, the latter for the 
depressive patients. With respect to errors, large differences were found between patient 
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groups. Depressive patients made far more errors than closed head injury patients. An 
interaction with complexity was found between depressive patients and their controls. 
Also to Task 2 applies that patients were slower than controls. Significant differences 
between depressive and closed head injury patients were found for initiation time, duration of 
stimulus reinspection and number of errors. While closed head injury patients needed more 
time to initiate the stimulus, depressive patients reinspected the stimulus more often and 
longer. Despite the latter, depressive patients were not able to perform the task without errors, 
while closed head injury patients performed the task quite well. Patient groups did not differ in 
movement time, MTup and MTdown. Again it can be argued that differences in initiation time 
and stimulus reinspections are possibly based on differences in strategy. Whereas the 
depressive patients probably memorized and planned only part of the movement sequence 
before initiation of the drawing and the rest during the stimulus reinspection(s), closed head 
injury patients, on the other hand, are most likely to have memorized and planned the whole 
sequence in advance. The effect of Category and Complexity increased the duration of 
stimulus reinspection for depressive patients; the same interactive effect of Category and 
Complexity increased initiation time for closed head injury patients. Depressive patients 
needed more time for stimulus reinspection when the stimulus was more complex or less 
familiar, closed head injury patients had longer initiation times for more complex stimuli, but 
only when the stimulus was unfamiliar. 
The interaction between Category and Group for duration of stimulus reinspection, which 
was only significant in the DEP-group, suggests that depressive patients did not differ from 
controls for all categories. This was confirmed by separate analyses on the durations 
performed post-hoc for each category. It was shown that depressive patients had only longer 
reinspection durations for figures and patterns. Qosed head injury patients on the other hand 
had longer initiation times than their control subjects on all three categories. Since letters are 
perceptually as well as motoncally highly over-leamed, it is possible that letters can be 
processed more or less automatically. Separate analyses per category were performed for all 
variables. On those variables were differences between patients and controls were found, it 
was noticed that depressive patients did not differ significantly from controls on the letters. 
They were not impaired on those stimuli which could be performed automatically. Qosed head 
injury patients were slower than controls on all three categories suggesting that they were also 
less efficient in processing information automatically. These findings are in agreement with 
results reported by other researchers. Levin et al. (1988a) and Levin (1989) came to the same 
conclusion in a study with closed head injury patients, based on results of a free recall (non-
automatic) and frequency of occurrence (automatic) task. The finding that depressive patients 
did not differ from controls on the automatic processing of letters fits with the results of Roy-
Byme et al. (1986) and Tancer, Brown, Evans, Ekstrom, Haggerty, Pedersen and Golden 
(1990), who found no differences between various groups of depressive patients and controls 
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on perfonnance of an automatic task (recognition) in contrast with differences between these 
groups on a non-automatic task (recall). 
It can, however, be argued that it is not the degree of automaticity that leads to the 
difference between letters on the one hand and figures and patterns on the other hand, but a 
difference in the nature of the task. It is likely to assume that letters are processed mainly on a 
semantic-linguistic level, while figures and patterns are processed more spatially. It is well 
accepted that the left hemisphere is specialized for linguistic functioning while the right 
hemisphere is lateralized for visuospatial functions (Coffey, 1987). Since it is often speculated 
that depression is associated with a right hemisphere deficit (see for more details on this topic 
later in the discussion), disorders in spatial processing might be expected in the depressive 
patients. However, if closed head injury patients are delayed in both processes and depressive 
patients only in spatial processing, it would be expected that depressive patients were also 
slower than controls for the most simple figure in Task 1, the circle. If not, then the 
automaticity hypothesis would be most likely. Like letters, a circle is also highly overleamed 
and automatic processing is expected. Initiation and movement times were analyzed separately 
for the circle. The same pattern was found as for the letters: depressive patients were not 
slower than their controls for the circle, while closed head injury patients were impaired on all 
variables. This finding, together with the fact that depressive patients did not differ nom 
controls in the number of errors for letters and circle, tells that it is most probably the 
automaticity of the processing that accounts for the difference between depressive and closed 
head injury patients. It needs to be added that depressive patients had a longer MTup for letters 
than controls, a finding that was not anticipated. However, differences can be explained in 
terms of rehearsal. The letter combinations did not generate words since random combinations 
of vowels were presented. It is possible that patients were rehearsing the next letter during the 
MTup. It is this rehearsal process that accounts for the extra time needed by the patients 
(Weingarter & Silberman, 1984; Weingarter, Cohen, Murphy, Martello & Gerdt, 1981). 
Another difference between patient groups which could not be attributed to a strategy 
effect, was found in the number of errors. Especially in Task 2, depressive patients could 
hardly copy any figure or pattern without errors. The high percentage of serious errors (25% 
for figures and 30% for patterns), together with the long and large number of stimulus 
reinspections, indicates that the performance of the depressive patients on Iksk 2 was far 
below the level of performance of the closed head injury patients. It is remarkable that the 
closed head injury patients did not make more errors than controls, given the fact that it has 
often been mentioned that they have memory problems (Bigler, Rosa, Schultz, Hall & Harris, 
1989; Ewert, Levin, Watson & KaUsky, 1989; Levin, 1989; Randolph & Miller, 1988) and/or 
perceptual processing deficits (Hannay & Levin, 1982; Randolph & Miller, 1988). It was 
expected that the closed head injury patients would make more errors or reinspect the stimuli 
more/longer than control subjects. That this was not found may be due to the fact that the 
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stimuli, although complex, could easily be coded in larger units. A study by Bigler et al. 
(1989) showed that closed head injury patients had relatively intact copying on the Rey-
Osteneith Complex Figure Design, compared to normative data. An indication that the patients 
had to, and did indeed put in extra effort in performing the tasks, was the fact that they were 
really exhausted at the end of the task, while control subjects were asking questions or giving 
comments during the performance of the task. 
That the most complex figures of Task 1 had shorter initiation and movement times than 
the four-stroke figures in Task 2, showed that Task 1 was clearly less difficult than Task 2. It 
seemed that depressive patients were still able to perfoim Task 1. Although they made errors in 
the more complex figures of Task 1, the errors could be classified as Al-errors. Task 2, on the 
other hand was evidently too difficult for the depressive patients. Even reinspection of the 
stimuli did not prevent them from making many serious errors. By putting in extra effort, the 
closed head injury patients on the other hand were able to accomplish Task 2 with a reasonable 
outcome. While differences in strategy might explain most of the contrasts between patient 
groups in initiation time, movement time, and duration of stimulus reinspections, however, 
differences in performance indicated that depressive patients accomplished the task differendy 
than closed head injury patients. Furthermore, the effects of Complexity and Category 
distinguished both patient groups. Whether these differences can be attributed to disturbances 
in different underlying processes will be discussed next 
Based on our results concerning the effects of Category and Complexity and what is found 
in other studies on closed head injury (Brouwer, 1985; Ewert et al., 1989; Levin, 1989; 
Tromp & Mulder, 1991), it is most likely that the closed head injury patients are delayed in 
information processing because of a lesser accessibility of memory. The finding that initiation 
time was extraordinarily increased in the unfamiliar patterns, led Tromp & Mulder (1991) to 
conclude that newly stored - and therefore less redundant - information is much more 
vulnerable to the basic activation deficit than familiar от even overleamed material. The effects 
of Category and Complexity in the DEP-group indicated that the psychomotor slowness of 
depressive patients is mainly caused by deficits in effortful information processing. The 
processing of letters was not delayed in depressive patients showing that information 
processing of stimuli, which are normally accomplished automatically, was not affected. A 
clear impairment was found for those stimuli (figures and patterns) that required effortful and 
controlled processing. Evidence for a deficit in controlled, effortful processing in depression 
comes from reports in which performance on automatic and effortful tasks was studied (Calev, 
Nigal & Chazan, 1989; Cohen, Weingarter, Smallberg, Pickar & Murphy, 1982; Golinkoff & 
Sweeney, 1989; Mormoni, 1984; Roy-Byme et al., 1986; Weingarter & Silberman, 1984) and 
in which experimentally induced depressed-mood states negatively influenced the recall of 
high-effort items (Ellis, Thomas & Rodriguez, 1984). Selective impairment in effort-
demanding processing is often ascribed to motivational factors (Cohen et al, 1982; Griffin, 
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Dember & Warm, 1986). Reduced motivation would result in impaired performance (Layne, 
Мелу, Christian & Ginn al., 1982; Miller, 1975). Richards and Ruff (1989), however, found 
no effects of a motivation-enhancing manipulation and Sigmon, Nelson and Brannon (1987) 
reported no support for a motivational deficit in depression. If the depressive patients in our 
study were less motivated than the control subjects, less or hardly any stimulus reinspections 
would have been expected. 
An alternative explanation for the difference between effortful and automatic processing in 
depression could be a change in balance between hemispheres. Weingarter and Silberman 
(1984) speculate that deficits in effortful processing may be caused by a decrement in left 
hemisphere cognitive functions, thereby leading to impairments in detailed, serial or intentional 
processing. Such a shift in balance, firom an activity away from the left hemisphere toward an 
abnormal activation of the right hemisphere, has been suggested by a number of authors, 
based on neuropsychological testing, dichotic listening, visuo-constructive deficits, ЕСТ 
treatment and EEG studies (see Coffey, 1987; Cutting, 1990, and Otto, Yeo & Dougher, 
1987, for reviews). However, several PET-studies, in which Positron Emission Tomography 
is used to measure changes in blood flow in the brain, showed mainly differences in activity in 
the left hemisphere for depressive patients compared to controls (Phelps, Mazziotta, Baxter & 
Gemer, 1984; Brevets, Raichle, Fox, Preskom & Videen, 1989; Drevets, Videen, Preskom, 
Price, Carmichael & Raichle, submitted). By using PET, Pardo, Pardo and Raichle (1991) 
showed that self-induced sadness activated orbital frontal cortices either bilateral or unilateral 
in the left hemisphere. Furthermore different patterns of hemisphere imbalance are found in 
different types of depressive illness (Gianotti, 1979). So far, the results concerning 
hemispheric function in depression are contradictory. Although the fact that depressive patients 
made only errors in the visuo-spatial stimuli (figures and patterns) and not in the verbal ones 
(letters), could support the left/right hemisphere hypothesis, further research concerning verbal 
and spatial material is needed before a clear statement can be made. An experiment on spatial 
and verbal material is planned at the University of Nijmegen, in which performance on rotated 
patterns and letters will be compared in depressive patients and controls. 
Finally, we like to mention that a limitation of our study involved the issue of medication in 
the depressive patients. Nine out often patients received neuroleptic medication, which might 
have influenced the results. However, research in which unmedicated or medication-free 
depressive patients were studied, showed also cognitive impairment in effortful processing 
(Cohen et al., 1982; Richards & Ruff, 1989; Tancer et al., 1990). A study by Roy-Byme et al. 
(1986) even showed that medication-ftee patients performed worse than medicated patients on 
an effortful task. Rogers (1985) found the same abnormalities in motor behavior in depressive 
patients regardless of whether they were currently taking, had taken, or had never taken 
neuroleptic medication. Furthermore, the performance of the unmedicated patient in our study 
was not significantly different firom die performance of the medicated patients. 
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In summary, it can be concluded that depression as well as closed head injury leads to a 
slowness in motor behavior, whereby cognitive aspects seem to be more delayed than motor 
aspects. Therefore, we would like to stress the use of the term psychomotor retardation instead 
of motor retardation. A dysfunction in memory is supposed to underlie the psychomotor 
slowness in closed head injury patients, while an impairment in effortful processing is 
hypothesized to underlie psychomotor slowness in depression. What appeared to be a general 
psychomotor retardation (Benson, 1990), seem, on further investigation, to be different 
features of retardation and, on closer inspection, seem to be elicited by different causes. 
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ABSTRACT 
Changes in the planning and execution of movements were studied as a function of 
practice on a continuous motor task. Twelve subjects learned to move a pen through a 
cut-out square and maze patterns with their eyes closed. Maze patterns consisted of six, 
eight, ten, or twelve segments that were connected by intersections. Task performance 
was studied during six blocks. Although the mazes could be traced continuously in a 
clockwise direction, selecting a wrong turn at an intersection resulted in coming to a 
dead end. Performance at intersections was analyzed by determining the number of 
correct (and incorrect) turns following mechanically forced stops and the number of 
correctly planned and executed turns without any halt In addition, movement time and 
pause duration were analyzed. With practice an increase in the number of correctly 
executed turns indicated that subjects gradually learned to group segments into chunks 
of increasing size. It was found that up to eight segments could be organized and 
executed as a single unit Finally, with practice a non-linear performance improvement 
was found, suggesting that the learning process proceeded through qualitatively 
different learning stages. It is concluded that within five minutes subjects gradually 
changed their movement strategy from a sequential, trial-and-error mode in which 
planning and execution occurred segment by segment, to a mode in which concurrent 
planning was realized, i.e. in which the planning of oncoming segments occurred 
concurrently with the execution of segments. 
INTRODUCTION 
It is well known that complex movement sequences have to be prepared before they can be 
executed. How movement preparation actually occurs, however, is still a matter of debate. 
Previous research has shown, that an increase in the complexity of movement sequences, e.g. 
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by adding more elements, increased the time needed ω initiate the sequences (Fischman, 1984; 
Henry & Rogers, 1960; Klapp, Anderson & Berrian, 1973; Klapp, McRae & Long, 1978; 
Klapp & Wyatt, 1976; Rosenbaum, Inhoff & Gordon, 1984; Rosenbaum, Kenny & Deir, 
1983; Sternberg, Monsell, Knoll & Wright, 1978). In writing and drawing tasks these 
findings were replicated by Hulsdjn and Van Galen (1983; 1988) and by Van Mier and 
Hulstijn (accepted), but in addition it was found that this effect of complexity on reaction time 
was highly dependent on the experience subjects had had with the movement sequences. 
Whereas for the performance of unpracticed movement sequences - as in drawing a symbol or 
an unfamiliar figure - complexity effects on reaction time were very large, they tended to be 
rather small for writing highly practiced sequences as in letters. These findings suggested that 
planning occurs at several levels and that the time needed to plan at these levels is different for 
familiar and unfamiliar sequences. 
The intriguing question then becomes how this change in planning develops as a result of 
practice. It is likely that with practice, several motor programs which initially represent 
individual submovements, are somehow concatenated such that a string of submovements 
eventually can be controlled by a single representation of the entire movement pattern (Keele & 
Summers, 1976). A view of motor learning which is closely related to the process just 
described is that programs are learned hierarchically (Rosenbaum, 1985; Rosenbaum et al., 
1983; 1984). According to these authors, the execution of simple submovements of a pattern 
leads to the control of so called low-level units. This is assumed to promote the formation of a 
representation of the entire pattern which is called a high-level unit. When individually teamed 
submovements of a sequence are gradually integrated into more complex units or programs, 
the capacity increases to make decisions at a high level of movement preparation which are 
then, almost automatically carried out at a lower level. The hierarchical view of motor learning 
is supported by the observation that performance improves to some extend when a task is 
practiced mentally (Decety & Ingvar, 1990; Feltz & Landers, 1983; Mendoza & Wichman, 
1978). Apparently, mental practice facilitates the formation of high-level units. Hierarchical 
motor learning, as defined by Schmidt (1988) and Pew (1966), assumes that as an effect of 
practice, control shifts from high-level conscious decision-making to a low-level automatic 
control of motor programming. When a sufficient degree of automaticity in motor control has 
been reached, the decision-making mechanism can be used for other higher-order aspects of 
the task such as trying to improve the execution of the movement pattern still further (Schmidt, 
1988). It is apparent that the above-mentioned views on motor learning provide more 
information on the learning process than the general classification of learning stages as 
proposed by Fitts (1964). Fitts' description of motor learning entails that subjects pass 
through qualitatively distinct stages: a cognitive stage during which the learner tries to 
understand what to do; an associative stage during which the main concern is to concentrate on 
how to proceed; and finally, an autonomous stage, during which movements become largely 
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automatic. The first two stages correspond to Adams' verbal-motor and motor stages (Adams, 
1971). To summarize, learning theories imply that learning involves the formation of 
generalized motor programs (Schmidt, 1975), generated by stringing together smaller 
programmed units of behavior (Keele & Summers, 1976), eventually resulting to high-level 
units (Rosenbaum, 1985; Rosenbaum et al., 1983; 1984), controlled at the lower-level of 
motor programming (Schmidt, 1988). After having learned what to do, learners concentrate on 
how to proceed (Fitts, 1964; Adams, 1971). However, how practice changes motor pro-
gramming from high-level to low-level control is hardly studied. This will be the major aim of 
the present study. 
Previous research on the learning of new movement patterns in writing or drawing always 
asked the subject to draw and leam new, unfamiliar, patterns or graphemes. One problem in 
this research is that it is difficult to specify, both to the subjects and for later analysis, which 
elements of the grapheme are critical and which are not. An example of a critical and 
sometimes very small difference in writing can be found in the length of the vertical up and 
down strokes of the lower case letters 'a' and 'd'. With new graphemes the instruction on 
accuracy and the scoring of errors of elements is even more difficult. To circumvent this 
problem, the subjects in the present experiment had to leam patterns by moving their pen 
through cut out mazes consisting of sequences of straight vertical or horizontal alleys and a left 
or right tum at the end of the alley. Selecting a wrong tum resulted in coming to a dead end. To 
ensure that the mazes were learned by heart, subjects had to keep their eyes closed. Mazes had 
a square like form, with start and end at the same place. Therefore they could be traced 
continuously, in a clockwise direction. The complexity of the patterns was varied by 
increasing the number of line and choice points from six to twelve. The length and the 
direction of each line and angle segment of the mazes was fixed, and by using angles of 90 
degrees, each segment was clearly defined. Therefore the definition and scoring of accuracy 
and errors could be done unambiguously. 
Little research on motor learning has been conducted with continuous motor tasks, 
although such tasks may allow one to study the planning and execution of movement 
sequences in detail. Most research on motor learning involved discrete tasks. Often only 
changes within sequences are compared, not between sequences. Usually, only one movement 
sequence is performed per trial and the sequence, or part of it, can be programmed during the 
latency period. The duration of this latency period is supposed to reflect the extent of the 
programming (Fischman, 1984; Henry & Rogers, 1960; Hulstijn & Van Galen, 1983; 1988; 
Klapp & Wyatt, 1976; Klapp et al., 1973; 1978; Rosenbaum et al., 1983; 1984; Sternberg et 
al., 1978; Van Mier & Hulstijn, accepted). If on the other hand subjects have to perform a 
movement sequence continuously, as in the present task, it is expected that stops or halts will 
be inserted at those positions where the oncoming submovement has to be programmed. 
Especially in the beginning of the task, when each segment of the novel unpracticed movement 
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sequence will be programmed as a single unit, one may expect that after the completion of a 
segment, a stop will follow before the next segment is executed. On the basis of the views of 
moten1 learning described earlier, it was expected that with practice of the present maze drawing 
task, segments would be grouped together as fewer stops and more correctly performed maze 
segments were observed. It must be noted that in order to differentiate between a mechanically 
forced stop at an angle and a carefully planned stop to prepare the fluent execution of 
oncoming segments, i.e., aiming to pass through future intersections without a halt, we need 
to find a decrease in the frequency of stops in combination with an increase in the number of 
correctly performed maze segments without mechanical stops. Only the combination of these 
measurements will indicate correct planning and execution. 
The vast literature on maze studies and maze learning is primarily concerned with animal 
studies. Experiments involving human subjects are scarce, and when they are reported, they 
mosüy involve patient groups and address other aspects than motor learning, e.g., effects of 
cerebral lesions (Benton, Elithom, Fogel & Kerr, 1963; Canavan, 1983; Corkin, 1965; 
Kamath, Wallesch & Zimmerman, 1991; Landis & Erlick, 1950; Milner, 1965; Porteus & 
Kepner, 1944), the assessment of the severity of brain damage (Meier, Ettinger & Arthur, 
1982), and learning in special populations (Grosse, Wilson & Fox, 1991, Smith, 1960). 
Studies performed with healthy control subjects addressed e.g., hemispheric dominance 
(Alvis, Ward, Dodson & Pusakulich, 1990; Ward, Alvis, Sanford, Dodson & Pusakulich, 
1989) and learning strategies (O'Neill, 1978). Maze learning is seldom studied in the context 
of motor control and motor programming. The only authors who report that during maze 
learning a pattern or motor program develops, are Grosse et al. (1991). 
In a highly practiced skill such as handwriting, evidence is found that a complete letter, or 
even a name or signature, is controlled as a single unit (Hulstijn, 1987; Teulings, Thomassen 
& Van Galen, 1983). Recent studies on tapping showed results comparable to those of Pew in 
1966 (Garcia-Colera & Semjen, 1987; Semjen & Garcia-Colera, 1986). In the study by 
Garcia-Colera and Semjen (1987) it was demonstrated that sequences up to eight taps can be 
organized as single performance units. Since the maximum number of fìnger taps in their 
experiment was eight, the present study was also set up to test if more than eight elements can 
be clustered together. Accordingly, the number of segments used in the study exceeded eight 
and varied from six to twelve. 
Indications that the characteristics of motor programming are changing with practice, also 
come from handwriting studies in which changes in movement time over separate segments 
were examined (Portier, Van Galen & Meulenbroek, 1990; Portier & Van Galen (in press)). 
The authors found that with an increasing amount of practice, the programming of later 
segments of a sequence occurred more and more during the execution of initial segments. It 
was shown that the time to write the first segment of an unfamiliar grapheme decreased 
significantly less than the writing time of later segments. Furthermore, the authors stated that 
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initially separate segments became integrated in larger sized chunks. This was evidenced by 
the finding that with practice, both the frequency of time intervals (pauses) between segments, 
and the mean duration of these intervals decreased (Portier et al., 1990). However, the latter 
was demonstrated by post-hoc analysis on pauses between the first two segments of a single 
grapheme produced by only two subjects. To test the hypothesis that more and longer pauses 
will be observed especially during early practice stages more extensively, the duration of time 
intervals (pauses) between all maze segments were measured in the present experiment. In line 
with the findings reported by Portier et al. (1990) it is assumed that as a result of practice, a 
shift in programming will occur in the present experiment from a mainly serial process in the 
beginning of the task to a more parallel concurrent process later in practice during which the 
programming of oncoming movement segments is more or less realized during the execution 
of current segments. 
To summarize, the effects of practicing to draw with a pen through cut-out maze patterns 
without visual feedback are studied by analyzing the movement time, errors, and stops of task 
performance. It is assumed that this allows us to investigate changes in the process of motor 
planning as a function of learning in detail. The maze task was designed in such a way that 
subjects had to make decisions at each intersection. According to hierarchical theories, it was 
expected that subjects would learn the design by eliminating incorrect decisions at each 
intersection. It was hypothesized that initially separately programmed segments would be 
chunked together and executed as a single unit. The latter was also seen as evidence for the 
formation of a generalized motor program. Additionally, the maximum size of a chunk was 
measured. After the establishment of a generalized motor program further improvement in 
motor performance was expected. Evidence for the latter would be indicated by a decrease in 
the duration of time intervals between the execution of maze segments. A shift in motor 
planning from a mode in which planning was mainly realized during time intervals between 
segments to a mode in which planning occurred concurrent with segment execution was 
assumed to indicate continuing proficiency in task performance. 
METHOD 
SUBJECTS 
Twelve normal adult subjects, seven males and five females, all students or staffmembers of 
the School of Medicine at Washington University in St Louis, were tested on the mazes. Age 
varied from 21 to 38 with an average age of 29. Three subjects were lefthanded. 
MATERIAL 
A square design, with a total path length of 24 cm was given as pretraining. Four mazes were 
used in the experiment, consisting of either six, eight, ten or twelve segments and 
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intersections. Figure 1 shows the square and maze designs used in this study. Square and 
mazes were cut-out designs. The width of the pathway was 0.5 cm, the depth was 0.15 cm. 
The path length of each maze, if traced correctly, was 24 cm, the length of each dead end path 
was 0.5 cm. So, the minimum distance that had to be traced was the same for each maze. The 
mazes only differed in the number of tums that had to be made. Furthermore, each maze 
consisted of straight lines and angles of 90 degrees. All mazes were loops, so the end-point of 
one loop was the starting point of the next loop. At each intersection two opposite direction 
choices could be made, one of which came to a dead end. 
For each maze a second version was developed by rotating the original maze; no mirror 
image was used. Half of the subjects was tested on the rotated version. Task and procedure 
were designed in such a way that they can be used in a future PET study in which the learning 
of a motor skill will be studied by Positron Emission Tomography. Because of the latter, 
subjects were also briefly tested on the other version of each maze direcdy after completion of 
the experiment. 
TASA: 
The square design had no dead alleys. Therefore subjects were allowed to inspect the square 
and were asked to start at its bottom left comer. Tracing of the square had to be done with the 
eyes closed, so subjects had no visual feedback during the task. Tracing of the maze designs 
was also performed with eyes closed. Furthermore, subjects were not allowed to inspect the 
maze design and had no visual feedback during the task. When a pause during practice was 
requested by the subject, the maze was covered before the subjects were allowed to open their 
eyes. None of the subjects opened their eyes during the task. 
The instruction to the subjects was to move continuously through the square and maze 
loop and to leam the correct path. Furthermore, subjects were instructed to trace square and 
mazes as fast as possible. They were told that the first movement was always upwards, that 
each maze was a loop and that they should try to avoid retracing a path they had already taken 
once they experienced a forced stop. 
PROCEDURE 
Each subject was tested in four sessions on consecutive days and practiced one maze a day, 
each day a different maze. The order of maze presentation over the four days was balanced by 
a Latin Square design thus keeping possible positive or negative transfer effects from day to 
day under control. Subjects started each day with the tracing of the square. Before subjects 
started with one of the mazes on the first day, a maze that was completely different from the 
ones used in the experiment, was shown as an example, and the 2-choice principle at 
intersections was explained. Subjects had their eyes closed before the experimental maze form 
was placed on the writing tablet The experimenter guided the subjects hand, that held the pen, 
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Figure 1. Square and maze designs used in the experiment; total (correct) path was 24 cm for all five 
designs. Arrows indicate the starting position for the tracing of each design. 
134 Chapters 
to the starting point of the maze. The procedure during a session of one day was as follow: 
first: tracing of the square during 30 sec; second: tracing of the maze during 30 sec; and third: 
five minutes practice on the maze. Performance on the square and first maze tracing was 
recorded, as was the performance of the last 30 sec of each minute during practice. In this 
way, a total of seven 30 sec. blocks was recorded each day, one block in which the tracing of 
the square was recorded, and six consecutive blocks in which the tracing of the maze was 
recorded. Practice effects of each maze were analyzed over the six 30-sec blocks within a total 
of 5 min. and 30 sec of practicing a maze during each session on one day. Practice effects of 
the square were analyzed over four days. If subjects got tired during practice, a pause was 
inserted. Each maze was traced during a total time period of 5'30" such that the tracing time 
was constant for each maze but the total number of loops that was traced could vary between 
mazes. 
ANALYSES 
A Calcomp 2500 digitizer and a specially designed pen (Maarse, Janssen & Dexel, 1988), 
both connected to an IBM PS2/30 microcomputer, were used to record the X- and Y-
coordinates of each pen movement. Recording was done with a frequency of 100 Hz and a 
precision of 1 mm. So, every 10 msec, the position of the pen was recorded. Each day seven 
blocks of 30 sec. were sampled, one square-tracing and six maze-tracing blocks. Data records 
were low-pass filtered at 10 Hz and the drawing trajectories were displayed on the computer 
screen. Based on velocity minima and X- and Y-displacements, the boundaries for each loop 
were determined by means of an interactive computer program. For each maze loop the 
duration of that loop was determined, and mean loop durations were calculated and analyzed 
by analysis of variance (ANOVA) based on repeated measurements. 
Of each of the six blocks, the first and last complete loop of the maze that was traced, was 
isolated and segmented in line and angle elements, again based on velocity minima and X- and 
Y-displacements. An example of the segmentation procedure of one loop is given in Figure 2. 
Duration, mean and minimum velocity were determined for each line and angle segment. All 
angle segments were checked for stops and incorrect turns. A stop was assigned when the 
velocity at an angle was lower than 1 cm/sec for a period longer than 50 msec. When a dead 
end path was traced, indicating that an incorrect tum was taken, an error was assigned. 
RESULTS 
EXPERIMENTAL MAZES 
Since no differences in performance were found concerning the first and second version of the 
mazes, the data of both versions could be combined and the results of each maze are therefore 
based on the performance of twelve subjects. As stated before, only one of the four mazes was 
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Figure 2. An example of the segmentation procedure of one maze loop. Graphic production is 
pictured at the right, X-, Y-displacement and absolute velocity profiles at the left. 
Segment boundaries (indicated by circles) are based on X- and Y-displacements and 
velocity minima. In addition to a cursor, which was displayed in the graphic production 
and profiles and corresponded to the actual pen-position during tracing, X, Y, and 
velocity values of the pen-position were displayed by the computer program, so that 
boundaries could be defined as accurately as possible. Angle segments, numbered in the 
order of production, were preceded by corresponding line segments. Circles in the 
velocity profile correspond with circles in the X- and Y-profiles right above. 
performed on each day, and was traced during a total of 5*30". The total tracing time was the 
same for each maze. Data of six 30 sec. blocks were recorded that day. During the total tracing 
time of 5'30", an average of 196 loops were performed for maze six, 137 for maze eight, 106 
for maze ten, while an average of 100 loops was traced for maze twelve. Practice effects are 
presented in Figure 3, which clearly shows that subjects performance improved over the six 
blocks of a session. Practice significantly decreased duration (F(5,55)=19.61, p<0.001), 
number of errors, i.e., incorrect turns (F(5,55)=81.21, ρ<0.001), and number of stops 
(F(5,55)=19.39, p<0.001). Only the difference between block 1 and 2 was significant for all 
variables, as indicated by post-hoc contrast analyses (p<0.001). For errors also a significant 
difference was found between block 2 and 3 ( p<0.01). 
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Figure 3. Mean duration, number of errors (incorrect turns) and stops per loop as a function of 
practice. 
The number of stops over the six blocks decreased, as shown in the right graph of Figure 3, 
from 85% in block 1 to 48% of the number of angles in block six. These percentages were 
almost equal for all mazes. That the latter percentage is still quite high is probably caused by 
differences in strategies used by the subjects. While half of the subjects clearly rounded their 
movements at the angles, it was observed that the other subjects ended each line segment by 
bumping into the side of the maze or by making clear 90 degree angles, both resulting in 
mechanical stops, taking more than 50 msec. With practice however, the duration of these 
stops clearly decreased. When the criterion for the duration of these mechanical stops was 
increased to 100 msec, a decrease to approximately 16% of the number of angles of each maze 
was observed in the last block (see Figure 4). Repeated measurement analyses on the number 
of stops after criterion correction, showed that the effect of Practice was more pronounced 
(F(5,55)=78.76) than before criterion correction. Post-hoc contrast analyses revealed that 
differences between block 1 and 2, between 2 and 3, between 3 and 4 as well as between 4 
and 5 were significant 
Next to the finding that the number of stops was higher in the first blocks, it was also 
found that the location of the stops varied more during these blocks. With practice this location 
became more fixed, suggesting that subjects adopted a movement pattern. This pattern was 
established earlier in practice for mazes six and eight than for mazes ten and twelve. Examples 
of this pattern are illustrated in Figure 5, which shows the drawing traces and absolute velocity 
patterns of one of the subjects over six blocks for one maze loop for maze six and twelve. 
Numbers in the velocity profiles coirespond with maze angles. The velocity profiles show the 
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Figure 4. Mean number of stops (after criterion correction) per loop as a function of practice. 
establishment of a movement pattern with fixed stop locations. They also show that, due to 
practice, movements became much faster and more ballistic. 
By segmenting the first and last loop of each block in line and angle elements, relative 
changes across lines and angles could be measured. Changes in duration for line and angle 
segments are pictured in Figure 6. Although the interaction between Segment (line versus 
angle) and Practice was highly significant for duration (F(5,55)=9.07, p<0.001), one has to 
keep in mind that the angle segments include incorrect turns. These incorrect turns affected the 
duration in the first blocks more than in the final blocks. The duration of line segments was 
hardly influenced by errors. However, although the difference in errors was no longer 
significant between block 3 and 4 as was stated above, the difference in the duration at angles 
was (F(l,55)=6.22, p<0.05). No significant difference in the duration of line segments was 
found between block 3 and 4. 
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Figure б. Mean loop duration (in sec) as a function of Practice (block 1 to 6) and Segment (Line 
versus Angle). 
In order to try to verify whether, as a result of practice, the duration of later segments 
decreased more than the duration of earlier segments, relative changes in the duration of first 
and last segments of each maze were calculated. No clear effects were found. It is likely, 
however, that the segments that we defined as first and last segments, were not interpreted as 
such by the subjects. Because of the continuity of the maze task, the end and beginning of a 
loop was not clearly defined for the subjects. 
SQUARE DESIGN 
The square design on the other hand had a clear beginning and end. Although subjects had to 
trace the square with their eyes closed, the fact that they could inspect the design and were 
very familiar with it, made it possible to reveal which of the segments showed the largest 
Figure 5. Graphic production, absolute velocity pattern, and total duration (in sec) of one loop for 
maze six (upper box) and maze twelve (lower box) for each block (1 to 6). Numbers in the 
velocity profiles correspond with maze angles. 
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practice effects. In contrast to the mazes, which were traced only during one day, the square 
was performed each day at the start of the experiment and was traced for 30 sec. Movement 
duration was measured and the mean per loop for each day is shown in Figure 7. Even for a 
simple figure as the square, a significant Practice effect was found ( F(3,33)=7.85, p<0.001) 
Although, as can be seen in Figure 7, this effect was non-linear and post-hoc contrast analyses 
showed only a significant effect between day one and two (p<0.01). 
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Figure 7. Mean loop duration as a function of Practice (Day 1 to 4). 
From each session, the first and the 10th loop of the square was divided in four line and four 
angle segments (each subject performed at least ten loops during the 30 sec. recording periods) 
and movement time was measured for each segment. Separate ANOV\s were performed for 
angles and lines. Significant Practice effects were found over the four days (for lines: 
F(3,33)=4.86, p<0.01; for angles: F(3,33)=3.21, p<0.05), and also between loop 1 and 10 
(for lines: F(l,ll)=16.59, p<0.01; for angles: F(l,ll)=30.11, p<0.001). Furthermore, the 
effect of Segment was significant (for lines: F(3,33)=5.14, p<0.01; for angles: F(3,33)=7.52, 
p<0.001) revealing differences between the four segments. The finding of a significant 
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interaction between Loop and Segment for lines (F(3,33)=8.86, p<0.001) and angles 
(F(3,33)=4.25, p<0.05) indicated that contrasts between the four segments were different in 
the beginning of the task than later on in the task. These differences are shown in Figure 8. 
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Figure 8. Mean loop duration as a function of Segment Number (1 to 4), Loop (1 versus 10), and 
Segment (Line versus Angle). Segment 1 corresponds with the left side of the square, 
segment 2 with the top side, segment 3 with the right side, whereas segment 4 
corresponds with the bottom side. 
Separate analyses per loop showed that the effect of Segment was only significant in the first 
loop (F(3,33)=9.73, p<0.001 for lines; F(3,33)=11.26, p<0.001 for angles). Figure 9 shows 
practice effects over the four days for loop 1 for each line and angle segment. A significant 
interaction of Practice and Segment was only found for the lines (F(9,99)=2.15, p<0.05). 
Post-hoc contrast analysis revealed that the relative change in duration over the four days was 
significantly less (p<0.001) for the first segment compared to the other segments. No 
significant relative changes were found between the other three segments. 
Also for the square design, a clear decrease in the number of stops was observed, which 
reduced from 2.9 stops in loop 1 on the first day to 0.6 stops during loop 10 on the last day, 
indicating that segments were chunked together. The effect of Practice on the number of stops 
was significant (F(3,33)=4.11, p<0.05) as was the effect of Loop (F(l,ll)=30.96, p<0.001). 
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versus Angle). 
When also in the square design the criterion of the stop duration was increased from 50 msec 
to 100 msec for those subjects who were not rounding at the angles, the number of stops in 
the first loop was found to be 2.2, while in the last loop subjects no longer stopped. An 
ANOVA based on the data after correction showed that the effect of Practice was more 
pronounced and significance increased to a p<0.01 level. 
DISCUSSION 
The most important finding of the present experiment is that with practice the number of 
correctly executed turns and the number of segments that were executed without any halts 
increased, suggesting that initially separate segments became integrated in larger units. While 
the number of correct turns increased from 59% of the tums performed in the first loop to 98% 
in the last loop, the number of stops decreased from 85% in the first block to 16% in the last 
block. The fact that the duration of stops decreased and that in the first blocks relative changes 
in duration were larger for angle segments than for line segments in the mazes, may indicate 
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that programming activity shifted from time intervals between segments (stops at angles) 
towards the execution phase of the movement The programming of oncoming segments 
seemed to be realized more and more during the execution of preceding line segments. Clear 
evidence for the latter was found in the square tracing task, where, as a result of practice, the 
duration of later segments decreased significantly more than the duration of the first segment. 
It must be noted, however, that practicing on the square design involved four consecutive days 
whereas practicing on the mazes involved time intervals of 5'30" within days. Nevertheless, 
the reported shift found in the square tracing are in agreement with the results of Portier et al. 
(1990) and Portier and Van Galen (in press). That this effect was not found in the maze task 
can be due to the character of the task or to the different time scales on which practice was 
investigated. Because of the continuity of the task, the end and beginning of a maze loop were 
not clearly defined for the subjects. It was hypothesized that if subjects were inserting stops, 
they would at least insert a stop at the end of the loop, in order to program the next loop. This 
however was not found. The fact that a stop was not required and in most cases not inserted at 
the end of the loop, might illustrate that for the subjects first and last segments were not 
defined as such, and that they inserted stops at those locations which were maybe motorically 
more convenient. The finding that in the mazes the first segment was not relatively more 
delayed than later segments, is therefore not surprising. Effects of a programming shift could 
probably have been found more clearly if the starting position of the maze had been clearly 
defined, for example by a sound or a difference in maze texture. A different explanation for the 
absence of relative changes in the duration of the segments in the mazes, might be the fact that 
subjects improved their ability to organize segments in larger chunks significantly up to the 
fifth block. It is possible that programming load shifts more strongly once a motor program is 
established. Since one might expect that subjects already have an existing motor program for 
the familiar square design, a clear shift of processing load towards the initial segment could be 
observed in this design. This assumption is in agreement with the finding of Portier et al. 
(1990), who reported that the shift in programming was more pronounced in graphemes 
composed of familiar segments than of unfamiliar segments. An alternative explanation for the 
lack of differential effects on segment durations in the mazes, may be the absence of visual 
feedback. Portier and Van Galen (in press) found that in an experiment in which subjects were 
asked to practice the writing of unfamiliar Arabic graphemes without visual feedback, the 
above mentioned shift in programming was less pronounced in those conditions in which 
static or dynamic feedback was postponed and presented after the trial was completed 
compared to the condition in which immediate visual feedback was given. Because of the 
familiarity of the square design, the absence of visual feedback might have been less 
disastrous. 
The fact that for the square design the shift in programming load was no longer observed 
during the performance of loop ten, can be seen as evidence that the square was performed 
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more or less automatic. Because subjects were expected to be very familiar with the square 
design, no planning at higher levels, i.e., where to start, in which direction to proceed, which 
turn to make, had to be done, only planning at lower levels. For the square tracing, the latter 
would include the planning with respect to the length of the segments, as to when to accelerate 
and decelerate in order to increase velocity and achieve smooth and rounding turns. It is likely 
that in the first loop size aspects of the other segments are planned during the execution of the 
first segment. In subsequent loops, velocity aspects need to be planned, until also these 
aspects are learned and can be executed automatic, without requiring time consuming control. 
Evidence was found that at least some of the subjects reached automaticity in maze six later in 
the task. These subjects started to talk during the performance of maze six in the later sessions. 
At that stage of the maze tracing, subjects apparently were able to perform a second task, viz., 
talking. Since this "second task" had no effect on the performance of the maze tracing, this 
may indicate that the maze movements were performed more or less automatic. 
The increase of the criterion for the duration of a stop from 50 msec to 100 msec for those 
subjects who bumped against the maze wall or who performed clear 90 degree angles seemed 
reasonable according to findings of Wood (1977). He estimated that the duration of the 
response execution portion of a reaction is at least 100 ms. However, these findings were 
based on visual reaction time tasks. It is still possible that the above mentioned subjects were 
inserting stops in order to plan the next segment However, those subjects who rounded their 
movements when turning, showed the same results as presented in Figure 4. They only 
stopped once in mazes six and eight, while two stops were observed in mazes ten and twelve. 
This answers the question about the maximum size of a chunk. It seems that subjects were 
able to string up to a maximum of eight elements together. This finding is in correspondence 
with the results presented by Garcia-Colera and Semjen (1987). 
Practice effects in the present maze-drawing appeared to be non-linear across the six blocks 
during the 5*30" total performance time. These non-linear effects might be explained by 
hypothesizing that different learning phases were passed through (Adams, 1971). In the first 
session subjects might have been in the verbal-motor stage, in which they operated mainly by 
trial-and-error. The more gradual changes across intervals two to six, indicate that subjects 
might have entered the motor stage. As stated before, the results suggest that some subjects 
even might have performed maze six very automatic at the end of the task. Apart from 
evidence that different learning stages were passed through based on the non-linearity of the 
practice effects, performance changes at the intersections can be seen as additional evidence for 
different stages. In the beginning of the task incorrect turns were made, in the next phase, 
subjects turned correctly, and the duration and number of stops at these tums decreased. 
Concerning spatial processing and movement production it is hard to answer the question 
whether subjects learned a spatial map of the maze or a rhythmic movement pattern. Since 
subjects were also, although briefly, tested on the other version of each maze directly after the 
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completion of the task, this aspect could not be tested explicitly. However, some evidence was 
found that subjects learned a spatial map rather than a rhythmic movement pattern. Some of the 
subjects had noticed that the second version of the maze was a rotation of the first one. In 
order to test this aspect more specific, in a future maze study when only one version of the 
maze has to be performed, after completion of the task subjects can be asked to draw the maze 
from memory or to choose the right maze out of more alternatives. 
It was observed, as can be seen in Figure 3, that the number of incorrect turns was lower 
in maze twelve than in maze ten, especially after the first session. Furthermore, the difference 
in movement time between maze ten and twelve was only 79 msec while the time needed to 
trace maze ten was 523 msec longer than the movement time for maze eight. This could have 
been caused by the repetition of segments in maze twelve. Repetition might have facilitated 
performance. A facilitation effect when elements were repeated was also found by Portier and 
Van Galen (in press). Other research in handwriting, however, has shown that movement time 
increased when elements were repeated as did the number of errors ( Teulings et al., 1983; Van 
Galen, 1984; Van Galen, Smyth, Meulenbroek & Hylkema, 1989; Wing, Lewis & Baddeley, 
1979). Contrary to these findings, Portier and Van Galen (in press) reported a decrease in 
movement time and writing size in graphemes containing a repetition of elements in an 
experiment in which subjects had to learn unfamiliar Arabic graphemes. It is, however, 
possible that the repetition of segments mainly facilitates performance when visual feedback is 
absent. Since no effects of feedback were reported with respect to segment repetition by 
Portier and Van Galen (in press), no conclusive comment can be given yet. 
In general, our results showed a clear change in motor programming during the learning of 
a novel movement sequence within practicing periods of 5'30". A generalized motor program 
was established, indicated by an increase in the number of correctly performed turns. The 
programming process shifted from a mainly serial process in the beginning of the task when 
each line segment was programmed separately, to a more parallel concurrent process later in 
practice when the programming of later segments was more or less realized during the 
execution of a preceding segment. This shift was indicated by a decrease in the number and 
duration of stops between segments, by the fact that relative changes in duration were larger 
for angle segments than for line segments, and by the finding that movement time decreased 
relatively less in the first segment than in later segments. The non-linear practice effects 
suggested that different learning stages were passed through. Furthermore, it was observed 
that subjects were able to group up to 8 segments together, which were executed as one unit It 
can be concluded that extensive performance on a continuous motor task allows the study of 
changes in motor programming. Apart from the observable improvements in performance, 
i.e., a decrease in the number of incorrect turns and a decrease in the time needed to trace one 
loop, results of analyses of kinematic variables indicated changes in underlying planning and 
programming processes. 
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FIGURE COPYING TESTS 
In this appendix a short description of the most frequently used and known tests consisting of 
or including figure copying tasks will be given, together with the stimuli designs of each test. 
The first eight tests are specific design copying tests, with tests seven and eight addressing 
specifically memory for designs. The remaining tests are test batteries including copying tasks. 
Some tests are also used to distinguish between patients and control subjects, and present cut-
off scores. Within each category, i.e., specific figure copying tests, memory for design tests, 
and tests batteries, the tests will be presented in chronological order of the first publication. 
The following tests will be described: 
SPECIFIC FIGURE COPYING TESTS: 
1. Bender Visual Motor Gestalt Test 
2. Rey-Ostenieth Complex Figure Test 
3. Benton Visual Retention Test 
4. Minnesota Percepto-Diagnosdc Test 
5. Developmental Test of Visual-Motor Integration 
6. Primary Visual Motor Test 
MEMORY FOR DESIGN TESTS: 
7. The Ellis Visual Designs Test 
8. Memory-For-Designs Test 
TEST BATTERIES INCLUDING FIGURE COPYING: 
9. Stanford-Binet Intelligence Scale 
10. Gesell 's Child Development from 1 to 10 
11. Wechsler Memory Scale 
12. Bruininks - Oseretsky Test of Motor Profiency 
13. School Readiness Test 
14. Purdue Perceptual-Motor Survey 
15. Vane Kindergarten Test 
16. Perceptual-Motor Efficiency 
17. McCarthy Scales of Children's Abilities 
18. Southern California Sensory Integration Tests 
19. Test of Motor Impairment 
20. Perceptual-Motor Abilities Test 
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1. BENDER VISUAL MOTOR GESTALT TEST (Bender, 1938; 1946). 
Developed by Bender in 1938, this test was not officially introduced until 1946. It is one of 
the most frequently used psychological tests in the U.S.A. (Lubin, Wallis & Paine, 1971) and 
is commonly known as Bender Gestalt Test or simply as "the Bender". The test was originally 
used by Bender to study mental development in children. The test consists of nine designs, 
displayed in Figure 1. Each design is presented on a separate card and the child is asked to 
copy it in his or her own time. Because Bender did not use a scoring system, several have 
been devised (Hain, 1964; Hutt, 1977; Pascal & Suttell, 1951), in which scoring is based on 
different categories of eirors. Koppitz (1963) developed an error scoring system to establish 
the developmental score of children, standardized for ages 5 to 11. The Koppitz system also 
provides optional brain injury and emotional scores. 
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Figure 1. The nine designs of the Bender Visual Motor Gestalt Test. Drawings adapted from Hutt 
(1977). 
2. REY-OSTERRIETH COMPLEX FIGURE TEST (Rey, 1941; Osterrieth, 1944). 
The test consists of one complex figure only, displayed in Figure 2. Copying and delayed 
recall of the figure are measured by scoring correctness and placement of 18 units. Depending 
on accuracy, quality and location, 0, 0.5, 1 or 2 points are awarded for each unit. Normative 
data are available for ages 6-85. There is no time limit, although total time is occasionally 
measured. 
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Figure 2. The Rey-Osterrieth Complex Figure. Drawings adapted from Osterrieth (1944). 
3. BENTON VISUAL RETENTION TEST (Benton, 1948; revised 1974). 
The test consists of ten cards with one to three designs (see Figure 3). One form of the test is 
the copying of the designs while available for inspection. Other forms test reproduction from 
memory and recognition, again without a time limit. Two scoring systems are used, the first 
system counts the number of correctly copied designs, and the second system notes specific 
errors, among which six types are distinguished. Normative copying data are provided for 
children aged S to 13. 
4. MINNESOTA PERCEPTO-DIAGNOSTIC TEST (Fuller & Laird. 1963; Fuller, 
1969). 
This copying test uses two of the Bender Gestalt designs, designs A and 3, each presented in 
three different combinations of design and card orientation, which are displayed in Figure 4. 
The task was designed to test the presence of a tendency toward rotation in drawings. The 
amount of rotation of the drawing, which is measured with a protractor, is scored. Normative 
data are given for children and adults. 
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Figure 3. Stimuli cards used in the Benton Vuual Retention Test. Drawings adapted from Benton 
(1974) 
Figure 4. Stimuli used in the Minnesota Percepto-Diagnostic Test. Drawings adapted from Fuller 
and Laird (1963). 
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5. DEVELOPMENTAL TEST OF VISUAL-MOTOR INTEGRATION (Beery, 
1967; revised 1982; 1989). 
This copying test consists of a sequence of 24 designs, which follow a developmental gradient 
of difficulty (see Figure 5). The 1982 version is standardized for ages 2 to 15, the 1989 
version for ages 2 to 18. According to the author, the long form, including all 24 designs, 
retains validity for adolescents and adults. The short from, including the first 15 designs, is 
suitable for children ages 2 to 8 years. No time limits or time scores are used. Scoring in the 
1989 version is based on a 1 to 4 point error scale. 
Figure 5. Designs of the Developmental Test of Visual-Motor Integration. Drawings adapted from 
Beery (1967). 
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6. PRIMARY VISUAL MOTOR TEST (Haworth, 1970). 
Consisting of 16 designs that have to be copied, the test is used to assess visual motor 
development and evaluate deviations in visual motor functioning during the developmental 
process, in children from 4 to 8 years old. The 16 designs are presented in Figure 6 (The titles 
shown do not appear on the actual test cards and are never communicated to the subject They 
are only used in the manual as a means of describing the designs). Each design is scored by 
assigning one point for each type of error, based on 12 specified dimensions. Total error score 
is compared to age norms. 
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Figure 6. Primary Visual Motor Test designs. Drawings adapted from Haworth (1970). 
7. THE ELLIS VISUAL DESIGNS TEST (Wood & Shulman, 1940). 
Developed and used by F.W. Ellis at the New York Neurological Institute, the test consists of 
ten cards, each containing one geometrical figure (see Figure 7), presented one at a time for 5 
sec. and is a memory for designs tests. Wood and Shulman (1940) present normative data for 
ages 8.5 to 17.5. Depending on accuracy each design is credited 1, 0.5 or 0 points. Errors 
obviously due to poor motor control are disregarded. 
Figure copying tests 159 
1 2 3 4 5 
6 7 8 9 10 
Figure 7. The Ellis Visual designs. Drawings adapted from Wood and Shulman (1940). 
8. MEMORY-FOR-DESIGNS TEST (Graham and Kendall, 1946; revised 1960). 
The test consists of 15 geometric designs, varying in complexity, which are shown one at a 
time for 5 sec. and have to be copied from memory (see fig. 7 for the designs). Each design is 
scored on a 4-point scale with values ranging from 0 to 3. According to the authors the test can 
be used for children as well as adults. There is a time limit of 3 min. for each design. 
9. STANFORD-BINET INTELLIGENCE SCALE (Binet, 1905; Teman, 1916). 
This well known test, developed by the Frenchman Binet in 1905, was first introduced in the 
U.S.A. in 1916 by Terman. The latest revision is from 1986 by Thomdike, Hagen & Sattler. 
Next to the copying of a square and a diamond (each three times), starting at age levels IV and 
VII respectively, subjects are required to copy from memory a geometric shape at age levels 
DC, XI, and ХП, after a ten-second exposure. The design presented at age levels IX and XI 
consists of two shapes, at age level ХП, one shape is presented. The designs are shown in 
Figure 9. The test is standardized for the age range 2 to 18 years. Scoring is based on a 
pass/fail system. 
10. GESELL'S CHILD DEVELOPMENT FROM 1 TO 10 (Gesell, 1940; Gesell & 
fig. 1946). 
A longitudinal study of the patterning of behavior in children over the first 10 years of life was 
conducted by Gesell & Dg. The results are reported in two separate books: "The first five 
years of life" (1940) and "The child from five to ten" (1946). The subtest Geometric Forms 
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tests copying performance on six simple designs, which are shown in Figure 10. Each design 
is scored on three categories (well-shaped, defective comer(s)/compressed/elongated, or 
misshapen). 
Figure 8. Designs of the Memory-for-Designs Test. Drawings adapted from Graham and Kendall 
(1960). 
Age level IV Age level П Age levels IX and XI Age level XII 
Figure 9. Copying designs and age levels of the Stanford-Binet intelligence Scale. Drawings adap­
ted from Terman (1916). 
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Figure 10. Geometrìe Forms used by Gesell. Drawings adapted from Gesell and Ilg (1946). 
11. WECHSLER MEMORY SCALE (Wechsler, 1945; revised 1987). 
Visual Reproduction is a memory design subtest of the Wechsler Memory Scale, consisting of 
4 complex designs, which have to be copied after a five-second exposure. The designs are 
shown in Figure 11. For the revised version, extensive scoring rules were developed and 
Wechsler provides normative data for individuals aged 16 to 75. Spreen and Strauss (1991) 
present norms for the original version for ages 10 to 80+·. 
12. BRUININKS - OSERETSKY TEST OF MOTOR PROFIENCY (Oseretzky, 
1948; Braininks, 1978). 
Originally formulated by Oseretzky and called Oseretsky Motor Development Scale, this test 
was one of first professional tests to evaluate motor abilities of children. Braininks (1978) 
made some modifications of the test and changed the name to Bruininks-Oseretsky test. 
Norms are available to measure motor proficiency in children aged 5 to 14. The ability to copy 
a circle, triangle, and diamond, which can be seen in Figure 12, is tested. 
13. SCHOOL READINESS TEST (Dg & Ames, 1965) 
This test includes subtest Visual Three from Marion Monroe's Reading Readiness Test (1951). 
This subtest is a memory-for-designs test in which four cards, each containing four designs, 
have to be copied from memory (see Figure 13). Figures are scored on a correct-incorrect 
basis and percentages of correct and incorrect copies are given for ages 5 to 10. 
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Figure II. Visual Reproduction designs of the Wechsler Memory Scale. Drawings adapted from 
Wechsler (1987). 
Figure 12. Copying designs af the Bruininks-Oseretsky test of Motor Proflency. Drawings adapted 
from Bruininks (1978) 
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Figure 13. Monroe's Visual Three designs used in the School Readiness Test. Drawings adapted 
from Ilg and Ames (1965). 
14. PURDUE PERCEPTUAL-MOTOR SURVEY (Roach and Kephart; 1966). 
The Perceptual Motor Survey was developed in order to detect errors in perceptual-motor 
development (Roach and Kephart, 1966). In the subtest Developmental Drawing, children are 
asked to copy seven "Visual Achievement Forms", presented one at a time (see Figure 14). 
Performance on each design is rated on two aspects, form and organization. The latter 
concerns the organization of the designs on the paper. The designs are scored on each aspect 
on a 1 to 4 point scale. Norms are available for school grades one to four. 
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Figure 14. Visual Achievement Forms of the Purdue Perceptual-Motor Survey. Drawings adapted 
from Roach and Kephart (1966). 
15. VANE KINDERGARTEN TEST (Vane. 1968). 
This test provides norms for ages 4 to almost 7 years, and yields a perceptual-motor quotient 
as the result of a figure-copying subtest, consisting of 3 designs (see Figure 15). The test was 
developed in order to evaluate the intellectual and academic potential and behavior adjustment 
of young children. The Perceptual Motor subtest can be administered to a group of up to 20 
children. Each figure has to be copied 3 times. Scoring is based on a 0 to 3 point scale 
(designs 1 and 3) or a 0 to 4 point scale (design 2). 
2. Cross 3. Hexagon 
Figure 15. Designs of the Vane Kindergarten Test. Drawings adapted from Vane (1968) 
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16. PERCEPTUAL-MOTOR EFFICIENCY (Cratty & Martin; 1969). 
Two copying tests are described with norms for ages 5 to 7 years. In the copying task five 
simple designs need to be copied, one at a time. In the conglomerate test, children have to 
copy a design that is made up of ten figures drawn in a series. The task involves drawing one-
by-one figures added to the comers of a square which the child first draws after observing the 
examiner draw it. The designs are presented in Figure 16. 
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Figure 16. Copying (1 to 5) and conglomerate (6) designs of the Perceptual-Motor Efficiency Test. 
Drawing adapted from Cratty andManin (1969). 
17. MC CARTHY SCALES OF CHILDREN'S ABILITIES (McCarthy, 1972). 
This test battery was designed to measure the general intellectual level of children aged 2.5 to 
8.5. The battery includes a copying subtest, called Draw-a-Design. Figure 17 shows the nine 
designs, which vary in complexity and need to be copied either after the examiner has finished 
drawing the design (items 1 to 3) or from a printed design (items 4 to 9). Scoring is done on a 
pass-fail basis. An item is passed by meeting 2 (items 1 to 3) or 3 criteria (items 4 to 9) 
resulting in a score of 1. For items 4 to 9 additional criteria can be met, resulting in 2 points, 
(items 4 to 5) or up to 3 points in items 6 to 9. There is no time limit 
18. SOUTHERN CALIFORNIA SENSORY INTEGRATION TESTS (Ayres, 1972; 
revised 1980). 
This test is aimed at the understanding of perceptual-motor deficits in children with learning 
and behavior disorders, with a main interest on disorders in motor behavion In the design 
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copying subtest, children have to copy designs onto a grid of dots (see Figure 18). Scoring is 
based on accuracy, and norms are given for ages four to eight. In 1989, Ayres included a 
revision of the design copying subtest in the Sensory Integration and Praxis Test. Scoring is 
based on accuracy and seven atypical approaches used by children. 
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Figure 17. Draw-a-Design items of the McCarthy Scales. Drawing adapted from McCarthy (1972). 
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Figure 18. Copying designs of the Southern California Sensory Integration Test. Drawing adapted 
from Ayres (1980). 
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19. TEST OF MOTOR IMPAIRMENT (Stott, Moyes & Henderson, 1972; rev. 1984). 
This is one of the more recent motor tests. The 1984 version is divided in four age bands, each 
including the tracing of a flower design (see Figure 19). The test battery is designed to 
measure motor impairment in children and is standardized for ages 5 to 16. Scoring is based 
on the counting of deviations from the prescribed track. 
Figure 19. Flower design of the Test of Motor Impairment. Drawing adapted after Stott, Moyes 
and Henderson (1984). 
20. PERCEPTUAL-MOTOR ABILITIES TEST (Laszlo and Bairstow, 1985). 
This is the most recently developed test, based on a process-oriented approach in which tasks 
are selected in order to address the different perceptual-motor processes. Children aged 5.5 to 
12.5 years were examined on this test. Planning and spatial programming are among others 
tested by means of copying performance on a diamond and a horseshoe design, both displayed 
in Figure 20. 
Go 
Figure 20. Diamond and horseshoe design used in the Perceptual-Motor Abilities Test. Drawing 
adapted from Laszlo and Bairstow (1985) 
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SAMENVATTING 

SAMENVATTING 
Mensen staan in een constante wisselwerking met hun omgeving. Om adequaat te kunnen 
reageren op veranderingen in die omgeving, moet informatie snel en efficient verwerkt 
worden. Volgens informatieverwerkingstheorieën vindt de verwerking via verschillende 
processen plaats. Eerst moet een stimulus worden waargenomen en geïdentificeerd, daama 
moet een respons gekozen worden en vervolgens uitgevoerd 
Dit proefschrift beschrijft onderzoek naar het plannen van een motorische respons. Om een 
beweging, of deze nu eenvoudig of complex is, efficient en vloeiend te kunnen uitvoeren moet 
deze vooraf gepland worden. Taken die een hoog niveau van planning vragen, zijn schrijf- en 
tekentaken. Omdat deze taken meestal gebruikt worden om met anderen te communiceren, is 
het zaak dat schrijf- en tekenspoor duidelijk leesbaar zijn. Dit aspect, gecombineerd met de 
relatief snelle bewegingsuitvoering van deze taken, maakt planning van de sequentiële en 
spatiele aspecten van de beweging noodzakelijk. In de in dit proefschrift beschreven 
experimenten werd de proefpersoon gevraagd om figuren en letters te kopiëren, ofwel om een 
tekenspoor met de pen te doorlopen. Alle schrijf- en lekenbewegingen werden uitgevoerd op 
een schrijftablet, waarmee de positie van de pen iedere 10 msec, werd opgemeten en 
weergegeven in x- en y-coordinaten met behulp van een micro-computer. Dit maakt een 
objectieve registratie van deze grafische bewegingen mogelijk. Door taakvariabelen te 
manipuleren die geacht worden van invloed te zijn op de planning van een beweging, en door 
de kinematische aspecten van de beweging te analyseren met behulp van 
computeiprogramma's, wordt getracht inzicht te krijgen in de processen die een rol spelen bij 
het produceren van lekenbewegingen. Daartoe werden de complexiteit en de bekendheid van 
de beweging gevarieerd. Onderzocht werd (1) op welk niveau schrijf- en lekenbewegingen 
gepland worden, (2) hoe zo'n plan verandert als functie van oefening, en (3) in hoevenre 
motorische problemen (mede) veroorzaakt worden door stoornissen in het plannen van de 
beweging. De eerste twee onderzoeksvragen worden behandeld in de hoofdstukken 3 en 5 
waarin onderzoek aan volwassen proefpersonen wordt gerapporteerd; de laatste vraag komt 
aan bod in de hoofdstukken 2 en 4, die verslag doen van studies aan kinderen met motorische 
problemen (hoofdstuk 2) en aan volwassenen met motorische vertraging (hoofdstuk 4). 
Tenslotte wordt in de appendix een overzicht gegeven van tests die ofwel geheel bestaan uit 
een figuur-kopieertaak ofwel een dergelijke taak bevatten. Naast een korte beschrijving van 
iedere test worden ook de test figuren gepresenteerd. 
Hoofdstuk 1 beschrijft het theoretische kader voor de hoofdstukken 2 t/m 5. In het kort 
worden de verschillende informatieverwerkingsmodellen en de stadia uit die modellen 
beschreven. Daarna worden theorieën met betrekking tot motorisch leren 
behandeld.Vervolgens komen modellen aan bod die specifiek gericht zijn op schrijven, tekenen 
en figuur-kopieren. De relevante literatuur met betrekking tot programmeren wordt 
beschreven. Daama wordt ingegaan op motor planning. Planning wordt gedefinieerd als het 
proces waardoor een motor plan opgehaald wordt uit het lange-termijn geheugen (als het een 
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geoefende, bekende beweging betreft) of waarbij een plan geconstrueerd wordt (als het een 
ongeoefende, onbekende beweging betreft). Dit plan bevat de sequentiële, spatiele en soms 
ook temporele aspecten van de beweging. Aangenomen wordt dat de meest logische en 
efficiente bewegingssequentie gekozen wordt Een motorplan kan variëren in detail en in de 
mate waarin vooraf gepland wordt. Een beweging kan vrij abstract gepland worden of juist 
heel gedetailleerd, alsook in zijn geheel of slechts gedeeltelijk. Na deze globale beschrijving 
van motorplanning wordt specifiek beschreven welke processen en niveaus betrokken kunnen 
zijn bij het plannen van lekenbewegingen tijdens het kopieren van lijnpatronen. Er wordt 
verondersteld dat planning kan plaatsvinden op verschillende niveaus afhankelijk van de 
tekeneenheid die gepland wordt. De eenheden betreffen het design, de figuur en het segment. 
Een design komt overeen met een schematische tekening, bv. een huis. Een figuur kan gezien 
worden als een onderdeel van een design, in het voorbeeld van het huis zou dit het dak, een 
deur of een raam zijn. Een segment tenslotte is een onderdeel van een figuur, bv. een van de 
schuine zijden van het dak. Het design, de figuur en het segment worden op verschillende 
niveaus getransformeerd tot een abstracte representatie, die respectievelijk het design plan, het 
motor plan en het motor program genoemd worden. Het hoogste niveau betreft de planning 
van het design. Hier worden beslissingen genomen over de mate waarin het design vooruit 
gepland zal worden. Op het niveau van het motor plan wordt de volgorde van de elementen 
van de bewegingssequentie van een figuur gepland. Op het laagste niveau tenslotte wordt het 
begin en eind van een segment gepland en in welke richting de beweging uitgevoerd zal 
worden. Naast het plannen van het tekenprodukt op zich, zullen echter ook aspecten gepland 
moeten worden die te maken hebben met de uitvoering van de taak. Zo zal de positie van het 
lichaam, en in het bijzonder die van handen en vingers, gepland moeten worden, alsmede de 
bewegingen boven het papier en de positionering van de pen op het papier met de juiste 
pendruk. Aan de hand van kinesthetische en visuele feedback kan gecontroleerd worden of de 
gemaakte beweging overeenkomt met de geplande beweging. 
Het theoretische deel van hoofdstuk 1 wordt afgesloten met een discussie over het gebruik 
van tests die geacht worden de motorische ontwikkeling te meten en motorische stoornissen te 
kunnen diagnostiseren. De meeste tests die ontwikkeld werden in de jaren 60 en 70 zijn 
produktgericht en kunnen dus weinig of geen informatie geven over onderliggende processen. 
Dit proefschrift levert een bijdrage aan een procesgerichte diagnostiek door taken te 
ontwikkelen die gerelateerd zijn aan onderliggende motorische processen. Hoofstuk 1 wordt 
afgesloten met een overzicht van de inhoud van de empirische hoofdstukken. 
Hoofdstuk 2 beschrijft een experiment waarin planning werd bestudeerd in kinderen met 
motorische problemen. Aan de hand van drie kopieertaken werden de effecten van stimulus-
complexiteit en preview op bewegingsplanning nagegaan. Dit geschiedde door het meten van 
de tijd die het de proefpersonen kostte om de beweging te initiëren en door het scoren van 
tekenfouten. Complexiteit werd gedefinieerd als het aantal halen of bewegingsrotaties waaruit 
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de stimulusfìguur bestond. De stimulus verscheen op het scherm tegelijkertijd met de 
aanbieding van een auditief startsignaal. In de preview conditie verscheen de stimulusfìguur 
echter al 1 seconde voordat het startsignaal gegeven werd. initiatietijd en fouten van kinderen 
met een cerebrale párese (CP) en minimale motorische disorders (MMD) werden vergeleken 
met die van gezonde leeftijdsgenoten. De gemiddelde leeftijd in iedere groep was 9 jaar. CP en 
MMD kinderen hadden dezelfde initiatietijd; deze was echter duidelijk langer dan van de 
controle-kinderen. Complexiteit van de figuren verlengde de initiatietijd voor alle groepen in 
gelijke mate; een preview verkortte deze meer voor de CP dan voor de MMD kinderen. Een 
nadere bestudering van het initiatie interval bracht aan het licht dat CP en MMD kinderen 
verschilden met betrekking tot het voorkomen van voorbereidende pen bewegingen boven het 
schrijftableL De duur van deze bewegingen was beduidend langer voor de CP kinderen. De 
analyse van de fouten toonde aan dat bij complexe figuren de CP kinderen meer fouten 
maakten in het kopiëren van de juiste vorm, terwijl MMD kinderen bij complexe figuren meer 
fouten maakten met betrekking tot de juiste schaling van de figuur-elementen. Het effect van 
ontwikkeling op bewegingsplanning werd onderzocht door 6-, 8- en 10-jarige kinderen alsook 
volwassenen te testen. Significante leeftijdseffecten werden gevonden voor zowel initiatietijd 
als fouten, hetgeen aangeeft dat bewegingsplanning efficiënter wordt met toenemende leeftijd. 
Omdat de prestatie van de kinderen met motorische problemen minder was en ook een ander 
resultaten-patroon te zien gaf dan de prestatie van de jongste controle-kinderen is het niet 
aannemelijk dat de resultaten van de motorische probleem-kinderen toegeschreven kunnen 
worden aan een ontwikkelingsachterstand. De gevonden resultaten tonen aan dat motorische 
stoornissen onderscheiden kunnen worden met behulp van kopieertaken waarin 
planningsvariabelen sytematisch gevarieerd worden. Zowel CP als MMD kinderen hebben 
problemen met het adequaat verwerken van informatie; CP kinderen schijnen echter meer 
problemen te hebben met het plannen in kopieertaken dan MMD kinderen. 
Omdat de initiatietijd in kopieertaken niet alleen beïnvloed zal worden door plannings-
processen maar ook door perceptuele verwerking werd in hoofdstuk 3 een poging gedaan om 
de invloed van beide processen zoveel mogelijk te scheiden. Daartoe werd alleen de 
motorische complexiteit verhoogd terwijl perceptuele aspecten gelijk bleven. Door de 
bekendheid en geoefendheid van de beweging te manipuleren werd nagegaan op welk niveau 
een bepaalde beweging gepland wordt. Terwijl algemeen gevonden wordt dat een complexere 
beweging leidt tot een langere initiatietijd, worden in schrijftaken slechts geringe of zelfs 
helemaal geen effecten van complexiteit gevonden. Het is mogelijk dat dit veroorzaakt wordt 
door de overgeleerdheid van schrijven en het niveau van vooruit plannen. Om dit nader te 
onderzoek werd een experiment gedaan waarin proefpersonen drie soorten stimuli (letters, 
figuren en patronen) zo snel mogelijk moesten kopiëren. De patronen bestonden uit onbekende 
nonsens designs. Hoewel de figuren perceptueel bekend waren, kon aangenomen worden dat 
de proefpersonen zowel de patronen als de figuren zelden getekend hadden. De letters waren 
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uiteraard zowel perceptueel als motorisch vertrouwd. Er werd gevonden dat de initiatietijd 
lineair toenam met de complexiteit van de stimulus (gedenneerd als het aantal lijnen waaruit 
deze bestond, variërend van vier tot tien). Dit effect was echter veel groter voor de figuren en 
patronen dan voor de letters en nam sterk af met oefening (opeenvolgende aanbiedingen). Om 
te kunnen vaststellen of dit differentiële effect inderdaad veroorzaakt werd door verschillen in 
planning in plaats van verschillen in waarneming, werd de motorische complexiteit van de 
beweging gemanipuleerd. Dit weid bereikt door dezelfde stimuli te presenteren, maar de stijl 
waarin ze geschreven en getekend moesten worden te veranderen. In de complexe conditie 
moest ieder lijnsegment verdubbeld worden door het twee keer achter elkaar te tekenen. 
Verdubbeling van de lijnen zorgde voor een extra toename in de initiatietijd bij toenemende 
complexiteit voor figuren en patronen. \bor letters werd een toename gevonden die 
onafhankelijk was van de complexiteit Deze resultaten wijzen er op dat de planning van een 
beweging op verschillende niveaus plaatsvindt, en dat de mate van geoefendheid met de 
beweging bepaalt op welk niveau gepland wordt, \foor overgeleerde bewegingen, zoals 
schrijven, is het aannemelijk dat dit op een hoger niveau plaats vindt, waar in grotere 
eenheden, hoogstwaarschijnlijk een letter, gepland wordt. Voor ongeoefende bewegingen zal 
planning voornamelijk op een lager niveau gebeuren, waar iedere lijn afzonderlijk gepland 
wordt. 
In hoofdstuk 4 wordt een experiment beschreven waarin dezelfde taken gebruikt werden 
als in de hoofdstukken 2 en 3. Beide kopieertaken werden uitgevoerd door patiënten en 
controle-proefpersonen, waarvan leeftijd en opleidingsniveau overeenkwamen met dat van de 
patiënten. Psychomotorische vertraging is een vaak voorkomend verschijnsel dat 
waargenomen wordt bij verschillende stoornissen. Belangrijke vragen hierbij zijn of deze 
vertraging een uniek en uni-dimensioneel verschijnsel is, en in hoeverre cognitieve en 
motorische factoren verantwoordelijk zijn voor de vertraging. De eerste vraag werd bestudeerd 
door twee heel verschillende klinische groepen te testen: een neurologische groep die bestond 
uit contusio-patienten, en een psychiatrische groep bestaande uit depressieve patiënten. De 
complexiteit en de motorische geoefendheid van de Stimuluspatronen werd gevarieerd. De 
effecten werden gemeten aan de hand van initiatie- en bewegingstijden. Om de tweede vraag te 
kunnen beantwoorden werd getracht een onderscheid te maken tussen cognitieve en 
motorische verwerkingstijd door de bewegingstijd op te splitsen in de tijd dat de pen op het 
papier was en boven het papier. Verondersteld werd dat de eerste voornamelijk motorische 
verwerking reflecteerde, de laatste voornamelijk cognitieve verwerking. De prestaties van de 
patiënten werden vergeleken met die van de controle-proefpersonen. De resultaten toonden aan 
dat de patiënten duidelijk vertraagd waren in de fijne motorische taken. Patienten hadden 
langere initiatie- en bewegingstijden. De laatste werden voornamelijk veroorzaakt doordat de 
patiënten langere tijd met de pen boven het papier zaten. Betreffende de duur van de beweging 
op het papier, verschilden de patiënten niet significant van de controle-proefpersonen. Deze 
Samenvatting 177 
resultaten suggereren dat bij de patiënten voornamelijk de cognitieve verwerking vertraagd is 
in plaats van de motorische uitvoering. Beide patientgroepen vertoonden verschillende 
resultaten met betrekking tot de uitvoering van de taken. Terwijl de neurologische patiënten 
nog redelijk in staat waren de stimuli te kopieren, hadden de depressieve patiënten duidelijk 
moeilijkheden om de figuren en patronen te kopieren zonder fouten. De verschillende effecten 
van complexiteit en geoefendheid op de initiatie- en beweginstijden in de patientgroepen, doen 
veronderstellen dat de stoornis die ten grondslag ligt aan de vertraging verschillend is voor 
beide patientgroepen. Op grond van de resultaten mag aangenomen worden dat een stoornis 
met betrekking tot geheugenprocessen leidt tot de psychomotorische vertraging in contusio-
patienten, terwijl een gebrek aan inspanning waarschijnlijk de oorzaak is van de vertraging in 
depressieve patiënten. Planning betreft het gebruiken van een bestaand bewegingsplan (als het 
een overgeleerde beweging betreft) of het construeren van een nieuw plan (in het geval van een 
ongeoefende beweging). Het laatste vergt inspanning. Dit bewegingsplan moet in een korte-
termijn geheugen opgeslagen worden, zodat de gemaakte bewegingen vergeleken kunnen 
worden met dit plan. Terwijl geheugenproblemen de planning van alle bewegingen zal 
vertragen, zal een gebrek aan inspanning voornamelijk de planning vertragen van bewegingen 
waarvoor een bewegingsplan geconstureerd moet worden. 
Het onderzoek van de hoofdstukken 3 en 4 liet zien dat er grote verschillen bestaan tussen 
het plannen van overgeleerde en van ongeoefende bewegingen. Dit gaf aanleiding tot een 
onderzoek waarin veranderingen in planning bestudeerd werden als functie van oefening. Dit 
leerproces, waarin een nieuw bewegingspatroon omgezet wordt in een geoefend, overgeleerd 
patroon, wordt beschreven in hoofstuk 5. Zoals al eerder gezegd, wordt de planning van een 
schrijf- en lekenbeweging hoogstwaarschijnlijk beïnvloed door zowel perceptuele als 
motorische aspecten van de taak. Daarom werd in hoofdstuk 5 gekozen voor een taak waarin 
de perceptuele component geheel afwezig was. Daartoe werd een doolhoftaak ontwikkeld die 
bestond uit relatief simpele horizontale en verticale trajecten met alleen binaire keuzes op ieder 
hoekpunt. Twaalf proefpersonen leerden met gesloten ogen een doolhof door met een pen het 
uitgesneden traject te doorlopen. De doolhoven bestonden uit zes, acht, tien of twaalf lijn- en 
hoeksegmenten. Het totale (correcte) traject van iedere doolhof was 24 cm. De doolhoven 
konden continu in een kloksgewijze richting doorlopen worden; de selectie van de verkeerde 
afslag op een hoek resulteerde in een doodlopend pad. De bewegingen op de hoeken werden 
geanalyseerd door het aantal correcte (en incorrecte) afslagen vast te stellen die gevolgd 
werden door mechanische stops, alsmede het aantal correct geplande en uitgevoerde afslagen 
zonder dat gestopt werd. De gevonden toename in dit aantal als functie van oefening wijst erop 
dat proefpersonen leerden units of chunks te produceren die geleidelijk toenamen in aantal 
segmenten. Het bleek dat maximaal acht segmenten gegroepeerd konden worden tot een unit. 
De interactie tussen oefening en complexiteit (aantal segmenten) met betrekking tot het aantal 
correcte afslagen toonde aan dat de grootte van de unit niet lineair toenam met het aantal 
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doolhof segmenten. Samenvattend kan gesteld worden dat oefening leidt tot een geleidelijke 
overgang van een voornamelijk sequentiële, trial-and-enor bewegingsstrategie in het begin van 
de taak waardoor bewegingen segment voor segment gepland en uitgevoerd worden, tot een 
meer parallel planningsproces later in de taak, waardoor meerdere segmenten gepland worden 
als een unit en waardoor de planning van volgende segmenten, in meerdere of mindere mate, 
geschiedt tijdens de uitvoering van voorgaande segmenten. Tot slot kan opgemerkt worden dat 
dit leerproces kwalitatief verschillende leerfasen doorliep. 
Dit proefschrift beschrijft het proces van bewegingsplanning in personen met en zonder 
motorische problemen. Geconcludeerd kan worden dat bestudering van processen die ten 
grondslag liggen aan noimaal en gestoord motorisch gedrag mogelijk is door variabelen te 
manipuleren binnen eenzelfde taak en de effecten van deze manipulatie te meten. Het aantonen 
van de effecitiviteit van deze aanpak kan gezien worden als een belangrijke bijdrage aan een 
procesgerichte motorische diagnostiek. 
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